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Here’s the Inside of a Tex. 
rope Super-7... America’s 
newest and most Advanced 
V-belt. Note the new Ways 
longer Life is Built right 
into it...for they Point to 
Ways you can Add to the 
Life and wartime Efficiency 
of your V-belts ...whatever 
*“Make”’ you may Use! 
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Tt’s packed with vital facts on care 
of all makes of V-belts — contains 


no advertising. Send in for it today! 





ALLIS-CHALMERS | 


50% STRONGER CORDS 


produced by the new Flexon proc- 


ess combat stretching. You can 
fight stretching —and the slip and 
heating that result—by promptly 
taking up any slack in your drives. 
Remember, V-belts working 
round the clock need inspection 


4 times as often as in peacetime! 


20% MORE CORDS than 
before help protect the new Tex- 
rope Super-7 against strains and 
breaks. You can minimize breaks 
in your plant—whatever “make” 
of V-belts you use—by requiring 
that V-belts never be pried into 
grooves. Good rule for cutting 


down internal injuries! 








NEW COOLER-RUNNING 
CUSHION of special rubber 
“eases” Texrope Super-7 cord 
around sheaves i for smoother 
flexing and less heat. You = 
fight heat by preventing misalige 
ment. It causes rubbing of belt 
sides. So keep sheave grooves 
line — shafts parallel. 


ws When you do Need new V-belts, invest in the Best . . . Texrope Super-7! 
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In Hospitals, Greenhouses, Schools, Public 
Buildings, Theatres, wherever heating sys- 
tems must not fail, install the Nash Vapor 
Turbine, for it is independent of electric 
current failure, and continues to operate 
as long as there is steam in the system. 


This is because the prime motive power of 
this economical pump is a special steam 
turbine, controlled by a unique “Vapor 
Turbine Valve’, which automatically by- 
passes from the heating main a small 
portion of steam, the exact amount neces- 


not stop this NASH Heating Pump! 





sary to develop the power needed to re- 
move the condensate and maintain the 
required vacuum on the system. Even this 
small amount is passed immediately back 
to the mains, and goes on to the system 
with little heat loss. This pump operates 
on any system, high or low pressure. 


The Vapor Turbine is a most economical! 
pump, for the elimination of electric current 
does away with current cost, the largest 
single item in the operation of an ordinary 
return line heating pump. Bulletin on request 


THE NASH ENGINEERING COMPANY 
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SHEET METAL, long used for ducts 
und casings by the ventilation and 
air conditioning industry, is being 
replaced with sheet board, as a 
substitute for critical materials. 
Through the cooperation of con- 
tracting engineers, manufacturers, 
air conditioning engineers, sheet 
metal craftsmen, and architects, 
modern air distributing systems are 
now being made of sheet board. The 
new sheet boards do not entirely 
replace sheet steel, but so great are 
the applications that one duct sys- 
tem estimated at 300,000 Ib re- 
quired but 66,000 Ib of sheet metal ; 
sheet boards are substituted for the 
remaining 234,000 Ib. Duct sizes 
on the installation vary from 72 x 
54 in. to 10 x 9 in., indicating the 
wide range of dimensions that sheet 
hoard ducts may have. 

In selecting a sheet metal sub- 
stitute, several factors must be con- 
sidered, such as availability of sub- 
stitutes, ease of fabrication, strength 
and durability of finished duct or 
casing, rigidity of material, and sur- 
face resistance to air flow. In some 
respects the available substitutes 
have advantages over sheet metal; 
because of their rigidity they do not 
require the breaking used with 
metal ducts, and they have an in- 
herent insulating value, as well as 
good sound deadening properties. 

In addition to the factors men- 
tioned above, the substitute for 
sheet metal should meet the follow- 
ing specifications: It must have a 
hard smooth finish, and be non- 
hygroscopic, non-warping, and non- 
inflammable. Preferably the mate- 
rial should be workable with tools 
usually used for sheet metal so that 
construction of sheet board ducts 
does not involve a retooling pro- 
gram. 


Thicknesses 


Sheet boards are available in sev- 
eral thicknesses; 4% in. minimum is 
suitable for small duct work and % 
in. thickness for large ducts. From 
experience in using the metal sub- 
stitutes it is believed that 4%; in. 
thick sheet board may be used 
throughout for air distributing sys- 


Top—This offset construction shows 
adaptability of sheet board to conven- 
tional duct design. . . . Bottom—In many 
duet layouts, the sheet board outlet col- 
‘ar is used effectively 


How Ducts Are Made 
of Substitute 
for Sheet Metal 


T. M. Cunningham Describes Use of 
Sheet Board Materials for Ventilating and 
Air Conditioning Ductwork Construction 


SUMMARY—Conservation involves sub- 
stitution, salvage, simplification, and spec- 
ification. It is with the first of these 
that we are concerned here—the use of 
non-metallic sheet board ior ducts. in 
place of sheet metal. One duct system 
estimated to require 300,000 lb of sheet 
metal needed but 66.000 Ib, sheet board 
being used as a substitute... . Use of a 
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new material makes necessary new techni- 
ques and fabricating methods. Mr. Cun. 
ningham, who is construction manager 
of Carrier Corp. gives practical, how-o- 
do-it information here on the factors to 
consider in choosing a board, thicknesses. 
duct design, use of sheet metal slip joints 
fabrication of fittings, supporting ducts. 
and how to make access doors 
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tems ranging in capacity from 10,- 
000 to 50,000 cfm. By using only 
one thickness for an entire duct sys 
tem, fabrication costs are reduced 
and tooling problems are simplified, 
resulting in lower installation costs. 
In systems larger than 50,000 cfm 
it is advisable to use % in. board to 
eliminate stiffening and other con- 
struction extras. 


Duct Design 


The design of ducts made by 


sheet board is not very different 
from those made of metal. The 
surfaces of the substitutes usually 
are about as smooth as sheet metal. 
Therefore, the resistance to air flow 
of the sheet board duct is practically 
the same, and it is unnecessary to 
increase duct size. 

The installation of the board 
should be made with the smooth 
surface of the board on the inside in 
contact with the moving air. Most 
boards have a smooth and rough 





surface developed in the process « 
manufacture; for some types the: 
is little difference in the two su 
faces, but this can be observed a: 
the smooth side turned in. Althous 
the surface characteristic is som: 
what different from galvanized she: 
metal it seems to be as smooth. T| 
cross slips, corner slips, sheet met 
screws, and rivets have a slight « 
fect on increasing the friction, | 

there is very little difference in t! 
overall resistance to flow. 1 
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Sheet Metal Collar 


Use sheet meta/ screws 
on scaffold for erectiol. 
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(jt—Square vaned elbow showing duct 

wk made of sheet board and vanes 
ade of sheet metal. . . . Right—Access 
Joor of sheet board opened to show gas- 
ket held in place with split rivets 
SHVE Guide chart for friction 

sses can be used with assurance of 
-atisfactory results, and the installa- 
sons made so far for medium and 
large size duct work have proved 
this method. 

For ducts 12 in. x 12 in. and 
smaller, it is recommended that a C 
factor of 45 be used in lieu of the 
sheet metal standard of 50; there- 
fore, friction losses taken from the 
chart should be increased in the ra- 
tio of 50/45 for small ducts. 

As square vaned elbows and 
other fittings may be made in sheet 
board ducts, the layout of the 
air conditioning system 
differ from that which has long been 
the practice in the air conditioning 
industry. Illustrative of this fact is 
the sheet board elbow using metal 
vanes shown in one of the illustra- 


tions. 
Materials 


does not 


Materials used in sheet board 
ducts consist of sheet board, sheet 
metal slip joints, and parts such as 
hangers for which there has not yet 
been found a suitable substitute. 
The sheet boards make up the 
walls, tops, and bottoms of ducts 
and many offsets, reducers, transi- 
tion fittings, dampers, deflectors, 
splitters, and some vanes. The sizes 
of sheet boards permit selection of 
duct dimensions that keep waste at 
a minimum. The large size board 
is approximately 42 x 96 in. Dimen- 
sions of smaller boards depend upon 
the kind of board selected, as they 
vary with different manufacturers. 
Sheet metal slip joints may be 
used to hold the sheet boards in 
place. Using a compound or ce- 
ment to seal the joints, this type of 
construction provides a rugged sys- 
tem, assures tightness of seams and 
joints, and is not difficult to build. 
The sheet metal slip joints are fac- 
tory fabricated products, available 
quantities at low cost. Usually 
made in 8 ft lengths, the joints are 
ut to fit the job with waste kept 
t a minimum. 
In addition to making seams and 
ints, the sheet metal slip joints 





may be used in the construction of 
offsets, reducers, and transition fit- 
tings by breaking the slips at the 
proper angle. In some cases the 
standard slip joints may be used for 
outlet collars and branch 


However, sheet metal collars 


connec- 
tions. 
are required for some outlets, as 
shown in one of the sketches. 


Fabrication 


In building an air conditioning 
system with sheet board, it has been 
found that some fabrication may be 
done entirely at the bench—espe- 
cially is this true of small duct sizes. 
Larger ones may be partially fabri- 
cated on the bench with complete 
assembly being done on the scaffold 
as an erection function. On ducts 
that are bench fabricated, split rivets 
or tubular rivets may be used to hold 
the sheet boards in the metal slip 
joints. 

When partial bench fabrication 
and scaffold completion is used, 
sheet metal screws are advised so 
that there will be no need for a me- 
chanic to crawl inside the duct to 
fasten the joints in place. Parts 
such as dampers and deflectors are 
constructed of sheet board by using 
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the same method as when sheet 
metal is used. 
Hangers 


Support for the sheet board duct 
may be the same as that used for 
a sheet metal duct, with one excep 
tion. 
rod trapeze type hangers are used 


Conventional band iron o1 
with the same spacing that has long 
been the practice in 
The exception is that the supports 
are heavier, 


such work 


because sheet board 
ducts are usually of greater weight 


than metal ducts. 


Access Doors 


Access dc OTS in 


should be 


apparatus cas 


ings made of heavy 
board to assure both rigidity and 
strength. Thickness of the 


recommended varies from 4 to 3 


board 


in., depending upon the size of the 
One of the photographs 
20 x 40 in. access door 


door. 

shows a 
made of 3¢ in. board, including the 
gasket that prevents leakage around 
the door. Attached by means of 
split rivets, the is placed 
about 34 in. 
tight fit. 


gasket 


from the edge for a 

















THE DRYING OF FOODS 


War Creates Tremendous Demand for Dried 
Foods to Save Shipping and Storage Space, 


Prevent Spoilage .... 


.. W. R. Marshall, Jr., 


Describes the Various Problems Involved 


IN A MAJORITY of food drying proc- 
esses, the medium for transferring 
heat to the wet food is steam heated 
air or hot gases, and drying is ac- 
complished by circulating the hot air 
or gases over the surface of the food. 
from the standpoint of external 
drying conditions this is a simple 
procedure. However, the actual 
process of moisture flow within the 
material, and the factors governing 
the rate of its movement, constitute 
an extremely complex problem when 
approached from an analytical or 
theoretical basis. 

The solution of any drying prob- 
lem is the type of dryer selected to 
do the job, and the great variety of 
drying equipment indicates the di- 
versity of drying problems. The 
following paragraphs present a brief 
survey of various drying methods 
and types of dryers. Some of these 
have already found applications in 
food drying, while others are either 
just finding their place or have not 
yet been utilized in this rapidly in- 
creasing field of industrial drying. 


Methods and 
Equipment 


The primary purpose of a dryer is 
the transmission of heat to evapo- 
rate water from the material to be 
dried, and the differences among 
dryers are usually differences among 
the methods employed to contact the 
wet material with the heating me- 
dium. 

The type and size of the dryer 
which will be used for a given food 
drying operation will depend pri- 
marily upon the desired final form 
and moisture content of the product, 
the physical characteristics of the 
wet feed, the production capacity 
desired, the permissible drying tem- 
peratures, and the manner in which 
heat may be applied to the material. 

Classification of Dryers—Several 
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methods can be used to classify dry- 
ing equipment, none of which, how- 
ever, is completely satisfactory. In 
general, dryers may be divided into 
two general groups; namely, dryers 
in which the material comes into di- 
rect contact with hot gases ; and dry- 
ers in which the heating occurs in- 
directly 


Types of Dryers Suitable f. 
Foods-—It would be possible to con 
sume many pages in a discussion « 
the kinds of dryers suitable for foo 
drying. However, since this was no 
intended to be a treatise on drying 
equipment, it was believed that th 
best method for outlining the salien: 
features of dryers would be a tabl 
or chart, and thus the accompanying 
table was prepared. It outlines im 
portant characteristics of drye1 
suitable for foods, and it is base: 
in part, on the three methods « 
classifying dryers as noted abov 
The first column gives the nam 
generally ap 
plied to th 





through heat- 
ed surfaces. 


SUMMARY — The importance of food 


type of dryer 
described, and 


All dryers in 
which drying 
is accom- 
plished by 
means of heat- 
ed air or gases 
circulating 
over the food 
may be placed 
in the first 
group. In the 
second group 
will be found 
those dryers 
in which a re- 
taining wall 
separates the 


drying has predominated in times of 
war, present practice in the field having 
received its development and expansion 
during the Boer War and World War I. 
The great need for large supplies of con- 
centrated foods for our armies and those 
of our allies — and our civilian allies — 
has created a tremendous demand for 
dried foods. . There is a big field 
for more engineering attention to food 
drying problems, and heating, air condi- 
tioning, and piping are all involved. For 
this reason, Heatinc, Prpinc & Am Con- 
DITIONING presents in a group of articles 
—of which this is the second—a compre- 
hensive and practical review of food dry- 
ing today. A description of the general 
problem of food drying was given in Mr. 
Marshall’s first article, published in the 
September HPAC. . . . The author has 
specialized in the subject of drying, and 
is connected with the technical division 
of the engineering department at E. I. 
du Pont de Nemours & Co. 


the second 
column indi 
cates the class 
of the dryer 
with respect 
to its opera 
tion. The 
third column 
compares th 
various meth 
ods of con 

veying th 
material dut 

ing drying 
The fourt! 
column class! 


food from the 





fies the drye: 
with respect 








heating medi- 
um so that 
heat transfer occurs by means of the 
contact between a hot solid surface 
and the food to be dried. Examples 
of the latter are drum dryers, vac- 
uum dryers, and indirect rotary 
dryers. 

Dryers may also be classified on 
the basis of the physical characteris- 
tics of the material to be dried 
(8, 14).* This procedure is also 
reasonable, since the nature of the 
material is an independent variable 
of which the dryer is a function. 
With regard to the method of oper- 
ating dryers, three classifications are 
possible : Batch operation ; semi-con- 
tinuous operation; and continuous 
operation. 


*Numbers in parentheses refer to references 


at the end of this article. 


to the mate 
rial which it is designed to han 
dle. The method of transferring 
heat to the food is indicated in th 
fifth column. The range of capa 
ity of each dryer, expressed as 
pounds of commercial dry food per 
hour, is given in the sixth column, 
while the last column compares th 
range of energy consumption to be 
expected among the various kinds « 
dryers. The numbers in parentheses 
in the first column refer to refe: 
ences at the end of this article whic! 
give more detailed information about 
the particular drying method am 
type of dryer listed. Drawings « 
each type of dryer would be desi: 
able; however, since representativ: 
line drawings have appeared sever: 
times in the literature (39, 49), 
was felt unnecessary to repeat the: 
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Tyee of DRYER AND Usuai Capacity | Usuas Rawer or Enerey 
Q°ERA Sore er Revers TYPE oF Meruoo or Transrerriva | Rast, La Cort CONSUMPTION, = 
(See ret or tegen POPS se arena, | CUTERIAL Hanoceo Hear ro tat Wer Fooo maewciat Dav \ Ewerer ree Le or WATER | 
end of article) | ee, ‘ Foon vex He |e EvAPoRATEO | 
’ Comm ee Food placed on trays \ Almost kind | Steam heated air pass- } 
_ ment SV patch - moved Seer din te pions ing over the and | Up to /000 | 320-50 lb steam/lb water | 
: | end out of the dryer | in a tray. surface of the . | 
bem tote : food carried on contin- " 
oataie | Continwove ie yori Practical Fh aioe ‘| | 
vee 2 ; awe rerigy Sines yoy we gases passing over 4000 | 25-40 lb steam/ib woter 
and gunpel ayers \and semi” | trucks wich intern | kind except liguids.| the surface of the mat- ve | ape Re | 
6,28, 37, contineut | oe erial an the belt or in | 
: ; vanced through @ tunne/. the trays. 
food carried on a Granwlar materials; 
screen or perforated meta! also subdivided foods 
Conveying scree t Feed and dis-| which will forma | Usually steam heated air 
ar through-circu- \Cantinvous | checge are automatic. | permeable layer on | May alse be gas or ail hea’. \ p99. 4000 1S-25 1b steam/ib water | 
lation or batch | /n batch abyer food is \ the screen so that \ Hot air or gases pass down 
(32,322) held on screen bottom \ het air may be through the bed of mat- 
mio down | blown through /?. | erial on the screen. 
through 4 to 6 trays. 
a In the direct the mar- 
eria/ comes inte direct con- 
tact with bot our or het flie 
eae mS gases te ptpenehns af mer 
automatically er-currem? te er co-current 
aryors, charged to the ayer: with the solid stream. 
SDrecr Materiel is transported ysamrenfford yak 4 Meet is transferred through é } s00-$000 Btu /lb water 
Steom-tube Continuous | through the arying 20m) |p)» wil) not aa’- the ayer walls in the indlirect. | 300-$0200 4 ’ 
a by means of the rotat- to the i c./n the steam-tube rotary c. L725 1b steam/ib water 
a Rele-louver ing shell which has a \ re roneting \ the heat is transferred a 125-300 stean/ib water | 
GIO 16, &, 36,43,46) slight pitch. shel. through steam heated tubes 
lining the aryer shell. 
@. fn the roto-louwver, hot 
GASES pass @ bed 
of the material. | 
Material as @ liguid or 
asturry is sprayed into 
@ yore get 
Seray dryers means of centrifuga Hot air or flue gases in 
(50,18, 18,29,39,34, | Fath or | atomizer, jotow ws type wm ep ee & | irect contact mith the | 200-4000 | 20-4010 steom/lb water 
40, 42,47) continuews ag ae an tng suspens/ons. dispersed drops. 
by gravity to bettom of 
chamber or are recov- 
ered in dust collectors. 
Pneumatic Material ine granular \ Fine, comminuted ‘teiuartiié MIRE 
conveying Batch or | form is fooa's whose mesh size pond 4 : P 
; y z in po of Tot ‘ er th ponte the entrained 200 -/000 45-30 6 sfeam//b water 
(2, 35,38. hot or gases mesh. : | 
Drum dryers, Material in a ligdid or : Sted matt cartece ie 
1 cota Continvows pond aot osven Mee ae pomdinnd tee contact with @ thin film Ye te 1000 4$-25 1b steam/ie water 
7 * the wet materia/. 
(81,45) heated metal arum . 
Agitater eryers~ és Granvlar materials, 
Vaca and ames- | garcp tice liquids, slurries, sioner Aer Yo to 1000 | 20-301b stean/ib water 
pherte pan, Vacvultt and pastes. metal surfaces. d 
rotary (1,9,25) ; . 
Vacuum fray Material is charged materials suitable , 
OSD Batch and nn pay ai dae dat anion Steam heated surfaces. | Up to 500 15-25 lo steam/le water 
1S, marwally. temperature sensitive. 
Pulsation type - Mater/a/ hela on Meterlole which | whith is forced in 
mo /| Batch trays as case | form @ porous mess and sucked out of the porous | Up to 1000 \ 20-40 lb steam/lb werer 
”, 28, of Ss. * | ayer on the tray. Palsations 
= d — (may be froim 30 to 100 per min. 











A brief discussion of the con- 
tents of the table is in order. In 
general, the majority of food dryers 
ior the past 20 years have been 
either of the tray and compartment, 
or continuous tray and tunnel, types, 


except for a few notable exceptions: 


such as spray dryers and drum dry- 
ers which are used for drying 
quids and slurries. In general, 
owever, solid foods have nearly al- 
ways been dried in tray and tunnel 
‘ype dryers. With the development 
{ large scale production of dried 
oods, it has been found desirable to 
itroduce the continuous dryers, 
such as the conveying screen or 
irough-circulation dryer, and the 


rotary dryer. Probably the out- 
standing advantages which continu- 
ous dryers offer at the present time 
are: Practically no labor require- 
ments, except for periodic supervi- 
sion; lower energy consumption per 
pound of water evaporated; and 
continuous operation. To offset 
these advantages, the tray, truck, 
and tunnel dryers offer, in addition 
to low maintenance charge, a com- 
paratively small initial cost com- 
pared with the continuous dryers, 
although the yearly labor charges 
might very soon nullify this impor 
tant advantage. 

Let us briefly consider now each 
type of dryer as listed in the table. 
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Tray and Compartment Type 
Dryers -In these dryers the food 
may be loaded 3 to 4 in. deep on 
trays whose average area may be 
4 to 6 sq ft. It is important to 
maintain 
The trays may be placed di 


uniform loading on the 
trays. 
rectly into the dryer or they may be 
placed on trucks which are then run 
into the dryer. Steam heated air is 
circulated across the trays. The ait 
is generally reheated and recircu 
lated with a certain portion being 
exhausted at a predetermined hu- 
midity. One of the chief difficulties 
in this type of dryer is to obtain 
uniform air flow over all the trays. 

It is possible by means of control 
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instruments to regulate the air tem- 
perature in these dryers to corre- 
spond to any desired time cycle of 
temperatures. Dryers of the tray and 
compartment type have a low first 
cost, they are easy to install, and 
they have low maintenance charges. 

Continuous Tray and Tunnel 
Dryers—In the continuous tray 
dryer, the food is carried on a mov- 
ing belt across which the drying air 
is blown. It is not unusual to have 
three or more continuous belts 
placed vertically above one another, 
the material falling progressively 
to the one below it. Such an ar- 
rangement permits the handling of 
large capacities. In the tunnel type, 
trucks loaded with trays are periodi- 
cally moved through a tunnel in 
which the drying air is circulated. 
Various directions of air flow are 
possible. Thus, the air may flow 
parallel to the food movement, coun- 
tercurrent to it, it may enter in the 
middle and flow in opposite direc- 
tions toward each end, or it may 
even spiral through the tunnel. Dry- 
ing times are generally long in this 
type of dryer. Unless reheating coils 
are used in these dryers, the air 
conditions will be fixed at each point 
in the dryer, thereby reducing the 
flexibility of operation. 

The tunnel dryer js capable of 
handling large amounts of food with 
great economy of space and opera- 
tion, and is especially applicable to 
the drying of fruits. 

Conveying Screen or Through- 
Circulation Dryers—The character- 
istics and drying theory of this type 
of dryer have been described by 
Marshall and Hougen (32). Its ap- 
plication to food drying represents 
one of the most recent develop- 
ments. The particular character- 
istics of this dryer are as follows: 

A feeding device which may be com- 
bined with a subdividing preforming ma- 
chine, such as a ricer for potatoes, or a 
slicer or cuber. 

A conveying scfeen which carries the 
food continuously through the dryer. 

Fans which circulate steam heated air 
through the bed of material on the screen. 
The air is generally blown upward in the 
first units, and downward thereafter. 

Individual steam coils for each unit, 
whereby the air temperature may be con- 
trolled throughout the drying process. 

A kicker which agitates the material 
to provide fresh surfaces for drying mid- 
way in the operation. 

A reloading device, whereby the food 
is reloaded from a depth of 2 to 3 in. to 
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a depth of as great as 18 in. in some 
cases for the last stages of drying, thereby 
increasing the capacity of the dryer. 

Automatic temperature controllers. 

The batch through-circulation 
dryers are low capacity dryers. 
They resemble the tray dryers, ex- 
cept that in their operation the dry- 
ing air blows down through the ma- 
terial on screen bottom trays. 

Rotary Dryers—These dryers are 
widely used in industrial drying op- 
erations. Primarily, they are high 
capacity dryers. They are charac- 
terized by a rotating shell, slightly 
inclined, which moves the material 
through a stream of hot air or gases. 
Flights attached to the inside of the 
shell cause the material to cascade 
and thereby to receive more intimate 
contact with the drying medium. 
One disadvantage of the rotary dry- 
er’s cascading action is the breaking 
and dusting of the material. This 
has been eliminated to some extent 
in the roto-louver dryer (4, 16) 
whose action depends upon the pas- 
sage of air through the bed of ma- 
terial which is continuously rolling 
over the louvers out of which the 
air flows. This resembles through- 
circulation drying. In the usual 
type of rotary dryer, the nature of 
the air flow in the dryer fixes the 
drying conditions at every point, so 
that there is little flexibility of oper- 
ation in this type of dryer. 

Spray Dryers—Spray dryers oc- 
cupy a very specialized field in dry- 
ing, since they are designed to han- 
dle only liquids or slurries. Drying 
times in spray dryers are of the 
order of 20 to 30 sec. Because of 
the cooling effect produced by rapid 
evaporation on the surface of the 
drops, heat sensitive materials are 
often conveniently dried in spray 
dryers. The final form of the prod- 
uct is a dry powder. It is impor- 
tant to realize that spray drying is 
becoming more and more widely 
used in industrial work, and the 
possibility of its use should con- 
stantly be borne in mind. In food 
drying, it is now used chiefly for 
drying milk and eggs. However, it 
is quite conceivable that it could be 
used for other foods which can be 
put into a form suitable for spray- 
ing; €.g., purees and soups. 

Pneumatic Conveying Dryers — 
This type of dryer has, as yet, found 
no application to food drying, inso- 
far as the author is aware. Certain 





characteristics of food drying m 
prevent wide use of the pneuma: 
conveying dryers (eg., the wi 
range between the initial and fi: 
moisture contents). These drye 
operate best when they must d 
from a relatively high to only a m: 
erately low moisture content. 
other words, their operation cd 
not facilitate drying from high 
low moisture contents. These d: 
ers operate best when only surfa 
moisture must be removed. If m 
drastic drying is required, two 
more stages are used. 

In order to use this dryer 
food drying, it is necessary that | 
food be rather finely divicd 
Ground food which is fed to t! 
type of dryer would be carried alo: 
by a rapidly moving stream of | 
air or gases. The air velocity m 
range from 75 to 150 fps, whi 
means that drying occurs very ra; 
idly. Rapid evaporation tends 
keep the particles relatively coo! 
i.e., approximately at the wet bul! 
temperature of the drying air. It is 
sometimes practical to operate pneu 
matic conveying dryers in multip| 
stages. The particle size of the ma 
terial to be dried should not exceed 
about 2 mesh, and good practice re 
quires that the solid to air ratio (\h 
solid per Ib air) should lie betwee: 
0.1 and 1.0. If it is lower than 0.1, 
uneconomical operation is liable to 
result. The dry product is gene: 
ally collected in cyclones or in bag 
collectors. 

Drum Dryers—Food drying by 
means of drum dryers has been « 
veloped extensively by one compan 
in this country. In drying on drun 
dryers, the food in the form of a 
slurry heated to 180 F is fed to a 
strainer. The strained pulp is then 
spread on the surface of a steam 
heated drum which rotates and ca: 
ries the thin film around for about. 
three-quarters of a revolution. Dur 
ing rotation, water is evaporated 
leaving a layer of dried food (usu 
ally either fruit or vegetable) whic! 
is continuously scraped off by a 
knife. The drying time on 5 to |!) 
ft drums may be of the order of 2!) 
to 30 sec. The dried product, ha\ 
ing the appearance of a crepe-lik: 
film, is discharged into an air c 
ditioned room from which it is co: 
veyed for packaging. 

Agitator Dryers—Dryers of tis 
type are of the class in which ! 
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transferred through retaining 
valls. The material is agitated in a 
eam jacketed pan or horizontal 
vlinder by means of scraper arms 
1 blades. Pan dryers may be of the 
atmospheric or vacuum type. These 
dryers, however, have not yet been 
widely used for food drying. One 
of their chief disadvantages is the 
attrition action of the agitators. An- 
other is that they are batch operated, 
which requires a certain amount of 
labor, and under present war con- 
ditions the problem of meeting the 
demand for adequate labor may be 
exceedingly difficult to solve. 

Vacuum Tray Dryers—These are 
quite similar to tray and compart- 
ment type dryers, except that dry- 
ing is performed under vacuum. 
These dryers would be used when a 
material is temperature sensitive, 
since vacuum drying greatly reduces 
the temperature at which evapora- 
don occurs. The chief disadvan- 
tage of this type of dryer is the cost 
and upkeep of the vacuum produc- 
ing equipment. It is not suitable for 
high capacities. 

Pulsation Type Dryer—The so- 
called “pulsation” type dryer (26, 
27, 28) was developed in Europe 
and as yet has received little atten- 
tion in this country. Its operation 
represents a relatively new principle 
in drying. In essence, the opera- 
tion of the pulsation dryer comprises 
an alternate blowing and sucking of 
air in and out of the wet material 
as it lies on a tray; the cycle of 
alternate pressure and suction may 
be repeated from 30 to 100 times per 
min. This method is claimed to 
have the advantage of drying 
evenly throughout the mass of ma- 


terial, and of increasing by one- 
third the drying rate over the usual 
tray drying method. The author is 
aware of no application of this 
method to food drying in this coun- 
try. 

Two relatively new drying meth- 
ods were not included in the accom- 
panying table, but are worthy of 
mention. These methods are drying 
by infrared radiation and drying by 
means of high frequency induction. 
The use of radiant heat in food dry- 
ing has been reported in one in- 
stance (3), but no application of 
high frequency currents to food dry- 
ing has yet been described. Infra- 
red drying has found many applica- 
tions in other drying processes, 
while induction drying has been 
used chiefly in experimental drying 
of wood. The unique feature about 
the use of high frequency for drying 
purposes is that the material being 
dried has a tendency to become 
heated in its interior more rapidly 
than it does on its surface, a situa- 
tion which is the reverse of other 
methods. 

For further information concern- 
ing dryers and their characteristics, 
the following references should be 
consulted: (8, 14, 22, 39, 48, 49). 


Dryer Performance 


It is important to note that for 
economical operation, steam con- 
sumption of a food dryer should not 
exceed about 4.0 Ib of steam per Ib 
of water evaporated. In terms of 
other methods of heating this may 
be about 4000 Btu per Ib of water 
evaporated. It is generally quite 
possible to operate below this figure 


in well designed and properly oper 
ated dryers. Continuous dryers 
should remain within the range of 2 
to 3 lb of steam per lb water evap- 
orated. It is important to note in 
this connection that the energy con 
sumption of a dryer will be lowest 
when drying is carried only to those 
moisture contents which still permit 
ready movement of moisture to the 
surface of the material being dried. 
When drying is carried to low mois- 
ture contents where the evaporation 
rate is low, then a high energy con- 
sumption per Ib of water evapo- 
rated must be expected, since the 
heat being supplied is not being used 
entirely for evaporation. In food 
drying, there is the problem of go- 
ing from very high initial moisture 
contents to a moisture content 
where drying proceeds quite slowly. 
For this reason, the energy con- 
sumption cannot be expected to be 
as low for drying foods as it is for 
other more easily dried materials. 

The usual methods of reducing 
the energy consumption of a dryer 
include recirculation of as much air 
as is compatible with the operation ; 
i.e., exhaust spent air at the highest 
practical humidity; reducing heat 
losses through the dryer walls to a 
minimum; maintaining a uniform 
air flow over or through the mate- 
rial to insure uniform drying and to 
keep the drying time to a minimum ; 
and not drying the material to a 
moisture content which is lower 
than necessary. 

The problem of reducing the fuel 
consumption in any process is a 
major one during the present crisis, 
and drying operations are receiving 
a great deal of attention as a poten- 
tial source of fuel savings. 
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Don't Trust Your Memory 
on Maintenance Work 


SUMMARY—Never has the need for 
careful maintenance of buildings and 
their equipment been so great, for due 
to wartime restrictions and _ scarcities, 
“the things we now own are the most 
valuable we have ever owned”. Routine 
maintenance operations shouldn't be 
trusted to memory. Mr. Adams, who is 
director of buildings and grounds at the 
University of Louisville, suggests “tying 
a string to your finger” in the form of a 
card file, each card listing a piece of 
equipment and marked with the date on 
which that equipment should be given 
attention. . He includes pointers on 
taking care of heating equipment, and 
stresses the added importance of fire 
prevention 


NEVER HAS the need for careful 
maintenance of buildings and their 
equipment been so great. Neglect 
in peacetime means higher than 
necessary costs for repairs, and 
possibly the greater expense of re- 
placements; in wartime, with re 
pair parts and replacement equip- 
ment difficult to obtain, there must 
be more than usual diligence in tak- 
ing care of things if vital services 
are to be continued. 

Proper care and maintenance of 
buildings and equipment will be- 
come increasingly difficult in the 
critical months ahead. Competent 
manpower and certain materials 
have already become very much of 
a problem and these difficulties will 
inevitably grow as the military 
forces of the country are expanded. 
It can be expected that there will 
be less of the services of the type 
which occupants of buildings have 
rightly come to expect. Some serv- 
ices may have to*be dispensed with. 
Present difficulties offer an excuse 
for providing even poorer service, 
and this tendency must be guarded 
against. To permit a decline in 
the standards of care of property 
would not only be detrimental to 
the country’s best interest to the ex- 
tent to which an institution is en- 
gaged in the war effort, but would 
also present, for the future, the 
problem of restoring these stand- 
ards, which in so many cases have 
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Care of Equipment So Vital in Wartime 
That Regular System for Routine Main- 
tenance Is Necessary....By L. O. Adams 


been painfully and laboriously es- 
tablished. 

It is now more than ever impor 
tant that routine maintenance 
should not be left to memory. Vital 
equipment needs to be taken care 
of on definitely established sched 
ules; even a simple card system will 
be of great help in accomplishing 
this. Each piece of equipment 
should be listed on a separate card, 
and these cards marked for atten- 
tion on prearranged dates. Each 
day’s maintenance jobs should be 
issued by the person in charge of 
the system to the responsible fore- 





Taking a sample of boiler water for 
routine test 


man or workman. The master car 
are held for follow up, in case t 
job order is not returned as cor 
pleted within a reasonable tin 
This is not a new idea. It is su 
prising, however, the number 
plants which have no establish: 
routine for maintenance. It is m 
of vital importance to our wh« 
economy that scheduled maint 
nance replace hit-or-miss method 
even in the small plant. 

This summer, new problems ha 
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beex: presented to those colleges and 
mniversities operating on the accel- 
erated program. Where under 

linary conditions the summers 
have been devoted to major main- 
tenance work, this past summer has 
seen a tendency to set aside some 

this work to take care of the 
essing problems which arise in 
connection with each day’s opera- 
tions. Careful thinking is required 
to sift out all unnecessary work, in 
order that the care of things vital 
to the operation of the plant will not 
be overlooked. 

Unit ventilators and unit heat- 
ers have in many cases been used 
as fans, which has increased their 
need for maintenance. Filters were 
likely removed and stored; these 
should have been gotten out before 
the heating season, and cleaned and 
reinstalled in the units. Connections 
to run tap water through such units 
may have been surreptitiously made 
by individuals who do not realize 
that any extra cooling effect so 
achieved is usually so small as to be 
negligible. The results, however, 
may be disastrous if water is al- 
lowed to get into the heating sys- 


tem and start corrosion of traps and 
other parts. 

In the southern states, spray 
systems on metal roofs may have 
been used to reduce inside temper- 
atures. This may have hastened 
deterioration of the roof coating, 
and inspections are needed to find 
whether repairs are necessary be 
fore the bad weather sets in. 

Steam traps should be tested 


annually. A simple rig can be made 


by which each trap can be tested 
for passage of water and closing off 
against steam. Such a program re 
sults in higher vacuum, better cir 
culation, more comfortable condi 
tions in the buildings, and lower 
heating costs. 


Boilers need to be taken off the 


lines periodically for cleaning and 
maintenance. See that the baffles 
are examined, and any breaks re 
paired. High stack temperature, 
with a resulting lowering of effici- 
ency, is the result of failure to make 
such repairs when needed. Cor 
rosion eats away steel. If insur- 
ance is carried, as it should be, the 
beginnings of corrosion ought to be 
discovered on the annual inspection. 
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However, the foreman responsible 
for the heating plant should actually 
go into the boilers with the inspector 
to see that a thorough inspection is 
made. 

Boiler water should be tested 
regularly in order that tubes may be 
kept free of scale and tube burnouts 
avoided. 

Air leaks in boiler settings re 
sult in higher heating costs. The 
fireman can check the setting with 
a candle while the boiler is in oper 
ation, marking all points of infiltra 
tion of air. These should be sealed 
and if necessary, the entire setting 
coated with boiler seal 

The importance of boiler room 
iristruments in reducing fuel con 
sumption cannot be overlooked, and 
takes on a broader significance when 
related to the national need for con 
servation of transportation facilities 
At a minimum, a central heating 
plant should have a recorder for 
CO, and flue gas temperature; a 
steam flow integrator and recorder ; 
an indicator of draft under the fire, 
over the fire, and in the last pass; 
and recorders to show feedwater 
temperature, temperature of the re 
turns from the condensate system, 
and boiler pressure. 

When the functions of these in 
struments are explained to firemen 
and results are demonstrated, there 
is usually wholehearted cooperation 
in their use. In order that these 
instruments may do their job prop 
erly and continuously, they should 
be maintained regularly by a com- 
petent mechanic. The unmistakable 
results of failure to care for and use 
such equipment properly are much 
higher costs for heating, and added 
maintenance because of the extra 
wear on plant equipment 

Stokers require a_ thorough 
going-over once a year. Those in 
the central heating plant are not 
usually overlooked; the smaller 
ones, however, handled by a janitor- 
fireman, are sometimes neglected 
until trouble develops. These should 
be on the routine maintenance sys 


Testing steam traps for proper operation. 
The rig includes a radiator for condens- 
ing steam, water gage, and steam pressure 
gage. Connection at bottom of radiator 
is for test to see whether trap passes 
water as it should; if it holds back water, 
the water shows up in gage glass. Con- 
nection at top of radiator is to see if trap 
passes steam 
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Checking a boiler setting for air infiltra- 
tion, with a candle in one hand to show 
air flow and a trowel with boiler seal in 
the other to repair leaks 


tem so that proper care of them is 
assured. 

In order that temperature con- 
trol systems in buildings may 
give the service for which they were 
designed, all dampers should be 
checked for freedom of operation. 
Since in a single building, there 
may be a quantity of these, each 
should be listed so that an individual 
check is guaranteed. In many cases, 
the operation of these important 
systems is left entirely to the cus- 
todian of the building, with the re- 
sult that faulty operation of some 
parts vital to proper comfort con- 
ditions may continue for a long time 
before discovery. Only by an es- 
tablished maintenance procedure, 
rigidly carried out, can this be 
avoided. It is well to blow out 
thermostats with a stream of air of 
sufficient force to dislodge all dust 
particles and to leave the mechan- 
ism clean and free to operate. 

Vacuum cleaning of buildings, 
rather than sweeping, removes the 
dust instead of re-depositing a part 
of it in other places in the room, 
in the thermostats, and in ventilat- 
ing equipment. If such equipment 
is available, the advantages of its 
use in saving labor, insuring cleaner 
and more healthful conditions, and 
in reducing maintenance of equip- 
ment, should be impressed on the 
custodial force. The objections to 
the use of vacuum cleaning by 
building custodians can be over- 
come if they can but be made to see 
the improvements which follow its 


Fire Hazards 


use, 


The possibility of fires from in 
cendiary bombs has increased the 
receptiveness of individuals to in- 
structions in fire prevention. With 
present restrictions on building ma 
terials, a fire may cause an irre- 
placeable loss and closing down of 
some important activity. Local fire 
prevention bureaus in many local- 
ities have films showing proper use 
of fire extinguishing equipment in 
buildings, and the proper method 
for handling incendiary bombs ; they 
are glad to make showings before 
groups of building occupants and 
employees. 
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One of the foremost rules for 
watchmen is that they shall guard 
against fire, and shall attempt to 
extinguish it while it is still smold- 
ering and before it gains headway. 

Watchmen should be periodically 
cautioned to inspect the buildings 
on the first round so that oily waste, 
rags, or any refuse in which a fire 
might start may be disposed of. The 
first round after coming on duty 
should include a check to be sure all 
fire extinguishers are in place, and 
that the approaches to them are 
clear. 





Fire extinguishers should be es 
amined annually and the soda 
acid type recharged. Standpiy 
hose must be kept dry to prey 
mildew. 

Instruction of personnel in th 
use of fire fighting equipment in | 
buildings is desirable. A good ti: 
to do this is on the annual rechars 
of the soda and acid type. Pract 
can be obtained by discharging the 
extinguishers; this also provides 
check to see that the hoses are oy 
and without obstruction. 
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HEATING AND AIR CONDITIONING 
INDUSTRIES HELP IN SCRAP DRIVE 


Croup WAMPLER, president of the 
Carrier Corp., and Herbert V. 
Kohler, president of the Kohler Co., 
are participating in the work of the 
\merican Industries Salvage Com- 
mittee to enlist the full cooperation 
of individual industrial concerns in 
the scrap salvage program of the 
War Production Board, according 
to an announcement by Robert W. 
Wolcott, chairman of the commit- 
tee. Mr. Wampler is serving as 
liaison between the American In- 
dustries Salvage Committee and in- 
dividual companies in the air condi- 
tioning industry, while Mr. Kohler 
performs the same function for the 
heating and plumbing industries. 

Mr. Wampler has written to com- 
panies in the industry urging full 
and complete cooperation with the 
program of the industrial salvage 
section of the WPB. He has also 
asked that each company appoint a 
responsible official to assist in any 
way possible the local general salv- 
age committees that have been es- 
tablished by the WPB in 12,000 
communities. The text of Mr. 
Wampler’s letter follows ; Mr. Kohl- 
er’s letter to heating and plumbing 
companies is similar : 

“Donald Nelson and the conser- 
vation division of the WPB have 
tackled the enormous job of digging 
out and moving such critically 
needed materials as iron and steel 
scrap, nonferrous metals, scrap rub- 
ber, rags, manila fiber, and other 
salvage materials that are essential 
to war production. In this task they 
need the active cooperation of 
American business and industry. 

“A number of industrial leaders 
represented on this committee have 
undertaken to carry through the 
task of lining up industry behind the 
drive for salvage materials—so that 
the work of the conservation division 
may be supplemented and the job 
done thoroughly, quickly, and well. 

“They have asked me to help or- 
ganize the air conditioning industry 

every company in our industry— 
to get behind the efforts of the War 
Production Board. This is a situa- 
on wherein by helping our govern- 

ent, we are also helping ourselves ; 
cause industry cannot do a satis- 


factory job of production without 
more scrap materials than are nor- 
mally available. It has been stand- 
ard practice with most of us to care 
for our ‘production scrap,’ but now 
something is needed beyond that. 
There is needed an extraordinary 
cleanup of our factories, involving 
recognition of the fact that if a ma- 
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chine or pipe line, a heating plant, a 
building—or what have you—is not 
absolutely essential for production 
at this particular time, then consid- 
eration should be given to scrapping 
it. If we don’t win this war, most 
of our factories will be scrap any- 
way. 

“The conservation division of the 
War Production Board has several 
sections working on the scrap prob- 
lem; but we are talking about fac- 
tories and industrial plants, and they 
fall under the industrial salvage sec- 
tion, which we are told is now oper- 
ating in about 400 industrial com- 
munities. This section is doing a 
grand job in most places, but we 
take it for granted that in others 
they need some bolstering up; and 
in any event, it is our job to get 
back of the industrial salvage divi- 
sion and help put over their pro- 
gram. 

“The task is about like this: 

1) “If any given community where you 
have a factory has been organized by the 
industrial salvage section of WPB, and 
you are working actively with that effort, 
then you no doubt have appointed an ex- 
ecutive in your factory or factories in 
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such a city charged with the responsibil 
ity of cleaning up and putting back into 
the blood stream of production the vitally 
needed materials outlined in the first par- 
agraph of this letter. In such case, we 
ask that you advise me of the name and 


title of the individual named in your fac 
tory—or factories—to conduct scrap op 
erations so that we may announce your 


cooperation in the drive by our industry 


2) “If you have a factory or factories 
in cities that have not been organized by 
the industrial salvage section of WPB 
we urge that you appoint an executive 
with the responsibility of doing the sal 
vage job, and send us his name and titlk 
We will see that this is reported to the 
industrial salvage section of WPB, and 
you will receive such assistance as they 


are able to render. 


3) “Here is a chance for industry to do 
this job itself without the government 
sending around inspectors agents, or 
using the power of requisition, and it is 
certainly up to us to make good on this 


basis. 


4) “We urge that, you personally, or 
through a senior executive, take the ini 
tiative in the community or communities 
where you have factories with respect to 
all salvage operations applicable to farms 
homes, stores, or any of the other like 
activities that are not directly associated 
with the industrial salvage campaign. The 
conservation section of WPB is doing a 
good job. It has already set up general 
salvage committees in 12,000 communities 
Work with them. If they need - help 
please give them all the assistance you 
can. 

“I would very much appreciate it 
if you will drop me a line and tell 
me in some detail what plans you 
have made or may make in this con 


nection.” 























IDEAL BLACKOUT FACTORY ENVISIONED 
BY CONSTRUCTION EXPERT 


GeorGeE H, A. PARKMAN, Westing- 
house construction expert, recently 
wrote his recipe for an ideal war 
factory—a blackout, bomb resistant, 
windowless building from which 
vital military machines and arma- 
ments would flow 24 hours a day, 
uninterrupted by air raids or sabo- 
tage. Drawing on American tech- 
nical achievements of the past de- 
cade, Mr. Parkman advocated the 
use of artificial daylight by fluores- 
cent lighting and precisely regulated 
temperature and humidity inside the 
arch roofed factory to raise to a 
maximum the efficiency of men and 
machines. A _ system of factory 
power supply designed to localize 
damage from bombing, sabotage and 
other causes, would assure an un- 
broken flow of electricity to lathes, 
drills, welding sets, and other equip- 
ment used to shape machines of war. 

Two recent inventions would sup- 
ply clean air to protect the health 
of workmen and guard delicate ma- 
chine parts against scratching. One 
of these, an electric air cleaner, 
would bar the entrance of air borne 
dirt, dust, and smoke. The other, 
the sterilizing lamp, would stand 
guard in air ducts, killing bacteria 
with its invisible ultraviolet rays. 

Although this factory would be 
adequate for the manufacture of al- 
most any type of war equipment, its 
advantages are so great they would 
carry over into peacetime factory 
construction, inaugurating a new 
era in improved industrial working 
conditions. 

Many of these engineering ad- 
vances have already been incorpor- 


ated in factories constructed in the 
past year, but no factory has yet 
been built to take full advantage of 
all these recent developments. In- 
creased comfort of workmen and 
protection of health in such a factory 
would improve morale, and speed 
production by reducing lost time due 
to illness, according to Mr. Park- 
man. 

Concrete “Egg Shell” Construc- 
tion—The building would be made 
of reinforced concrete, with an 
arched “egg shell’’ type roof, to save 
time and steel and to provide a 
structure that would suffer least 
from bombing, sabotage, and fire. 
Although parts of the arched roof 


SIX POINT PROGRAM 
FOR SAVING FUEL 


A six point guide to wartime fuel 
conservation was announced last 
month by J. W. Pauling, vice-presi- 
dent, Minneapolis-Honeywell Regu- 
lator Co. The six basic points are: 


1) Prevent overheating and 
maintain uniform temperatures. 
Keep daytime temperatures to an 
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even 68 degrees and turn the ther- 
mostat down to 50 at night. 

2) Turn off heat in unoccupied 
rooms. Keep shades drawn and keep 
windows closed at night. 

3) Do not waste hot water. 

4) Install storm windows and re- 
pair or close openings around doors 





- 


Setting a trap for germs—This scene in- 
side the air conditioning duct of a large 
chemical plant shows a workman install- 
ing sterilizing lamps. Ultraviolet light 
from the lamps will kill 95 per cent of 
the bacteria in the air passing through 
the duct, thus purifying the air worker: 





breathe and lessening the possibility o! : 
contaminating products } 
. 

; : . 
might be no thicker than 3 or 4 : 


in., the structure would not lac! : 
strength, because it would have the t 
same general shape as an egg sliel 

This concrete construction c 








about the same as steel frame c 
struction, but requires only about 4 ; 
per cent as much steel, a vital wa: 
material, according to Mr. Par! 

man. 





and windows to effect complete 1 
sulation. 

5) Replace missing boiler or 
nace insulation. Insulate the 
water heater. 

6) If in doubt, call your heating 
contractor and check your heat 
plant. 

Tests have shown that each « 
gree the temperature is raised abov 
70 results in a 3 per cent increas 
fuel consumption, according to } 
Pauling. 
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WARTIME MAINTENANCE OF 
ELECTRIC CONTROL EQUIPMENT 


what to do about them will save 


\NY EQUIPMENT in daily use, and 
upon which industry depends for 
continuity of service, requires peri- 
odic inspection and maintenance. 
This is especially important in war- 
time, when plants are running at 
peak capacity and when top produc- 
tion depends upon continuous op- 
eration. Electric control is no ex- 
ception to this rule. It is vital that 
controls be inspected regularly and 
replacements or repairs be made 
quickly. 

Prerequisites to any good mainte- 
nance program are the proper selec- 
tion and installation of the equip- 
ment. Assuming that the control 
device has been properly selected, 
installed, and adjusted, the mainte- 
nance program itself starts. 

A first consideration in keeping 
control equipment in proper work- 
ing condition is to prevent accumu- 
lation of dirt, oil, grease, or water 
on operating parts. It is, therefore, 
advisable to carry in stock protec- 
tive paints for the stationary iron 
parts, and insulating varnish of the 
proper characteristics for the coils. 

Where the air is saturated with 
moisture, or there are corrosive 
gases, it is well to inspect and paint 
the various control parts from two 
to four times a year, depending 
upon severity of operating condi- 
ions, 

It is often desirable to add heaters 
or lamps within the controller en- 
closure to prevent excessive moist- 
ure condensation. Such heaters 
should be energized continuously, 
especially when the controller is not 
being used. 

Circuit breakers or contactors are 
usually of rugged construction. Still, 
it is best to operate them by hand 
from time to time and check to 
make sure that all clearances are 
normal and that parts are working 
freely. Should parts become worn 
so that adjustments cannot be main- 
tained, new parts should be used. 
\djustment and cleaning, as well as 
renewal of the tips, depends upon 
frequency of operation. In the case 
of contactors, the armature should 
be cleaned and checked for free 
working and the condition of the 
magnet contact surfaces. 


Occasional inspection should be 
made of all nuts and connection 
wires on panels and resistors, par 
ticularly when subject to vibration. 
Close inspection of pigtail connec 
tions should be made periodically 
since these are of finely woven wire 
for flexibility. In extremely corro 
sive atmosphere pigtail connections 
have been known to fall apart before 
there was any apparent indication of 
failure. 

Float switches should be given 
the best of care, especially if they 
are of the moving contact type. The 
tips should be adjusted and lined up 
properly and, of course, cleaned if 
any indication of excessive corrosion 
is noted. The bearings should be 
made free to operate and any tend- 
ency toward binding should be cor- 
rected. 

In float switches of the mercury 
contact type, the mercury tubes 
should be held tightly in place; if 
inspection shows that the tubes are 
becoming dark, it may be an indi- 
cation of air leakage and the tubes 
should be renewed. 


Trouble Shooting 


Troubles are bound to occur in 
the best of equipment. Knowing 


Periodic inspection and maintenance of 
electric control equipment is especially 
important in wartime, when plants are 
running at peak capacity and top produc- 
tion depends upon continuous operation 
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precious production time. If the 
fundamental cause of each troubl 
is understood the remedy will quit 
likely be apparent. 

Contactors—A contactor has sev 
eral bolted or spring closed con 
tacts. Excessively high resistance 
at these contacts is the cause of the 
very high temperatures (100 to 
200 C) that may be reached whe 
the contactor is carrving rated cut 
rent or less. The most likely point 
of high resistance is at the contact 
where the movable tip makes con 
tact with the stationary tips 

However, high resistance may o« 
cur at any of the bolted joints or 
the contactor. Therefore, if one of 
these devices begins to develop ai 
excessive temperature, a mullivolt 
meter should be used to determine 
which of the joints has a high volt 
age drop across it. An a-c millivolt 
meter is available that can be used 
for checking the voltage drop or 
a-c contactors. 

When the copper contact or con 
tacts that have excessive drop across 
them have been located, correction 
can be made by opening the contact 
and removing the oxide with a file 
(not with sandpaper or carborun 
dum paper). It is unusual to find a 
high resistance in a bolted joint un 
less the contactor has previousl\ 
reached very excessive temperatures 

Since high resistance will most 
commonly be found in the active 
contact, it is a simple matter to in 
spect these tips weekly or monthl) 
If the temperature is unduly Ingh, 
the tips should be given a few 
strokes with a file. If sulphur gas 
is present, a high resistance film 
will develop quite rapidly. To pre 
vent this action, the contactor 
should be mounted in a tightly 
gasketed enclosing case, or im 
mersed in oil. 

The foregoing comments apply 
particularly to copper contacts be 
cause they oxidize readily, and the 
copper oxide formed has a very high 
resistance. Sometimes it is not prac 
ticable to keep the resistance of con 
tacts low by filing them. When it is 
desired or necessary to maintain a 
low resistance of the active contact 
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without servicing, a silver face can 
be brazed to the two tips so that the 
contact is made through that metal. 
Silver will oxidize and the oxide 
has a higher resistance than the pure 
metal, but when heated, silver ox- 
ide has the unusual property of re- 
verting back to the metallic form. 
Therefore, silver contacts are self- 
purifying. 

Electrical interlocks may fail to 
make circuit because of oxidation 
where copper contacts are used. 
Sometimes such failure occurs be- 
cause dirt gets between the contacts. 
By using one hemispherical and one 
flat tip made of silver, both of these 
troubles will be overcome. The 
point of the hemispherical tip will 
make contact without trapping dirt 
particles between it and the flat tip, 
and the use of silver will overcome 
the oxide trouble. 

Some maintenance men have the 
erroneous impression that contact 
tips that have been roughened by 
service should be smoothed so that 
they will carry the load. A rough- 
ened tip will carry current just as 
well as a smooth tip. Of course if a 
large projection should appear on a 
tip because of unusual arcing it 
should be removed. However, a tip 
that has been roughened by ordinary 
arcing need not be serviced. If a 
copper tip becomes overheated, this 
condition indicates that oxide has 
developed and should be removed. 

A large percentage of contactor 
coil troubles can be traced to heat- 
ing. Therefore, if the temperature 
can be reduced coil troubles can be 
decreased. Since the heating of a 
d-c coil will vary as the square of 
the voltage, and the heating of an 
a-c coil will vary about as the cube 
of the voltage, it follows that coils 
should be wound for the voltage that 
exists on the line. If the ambient 
temperature is high, this precaution 
is all the more important. 

Preventing Coil Burnouts — 
When an a-c magnet, such as a 
solenoid, is supplied with constant 
voitage excitation it requires a large 
inrush of current to close the arma- 
ture. When the armature closes the 
coil current drops to a normal value. 
Sometimes armatures may not close 
because of excess friction or for 
some other reason and the large in- 
rush current may burn out the coil 
within a few seconds. 

Such mishaps can be prevented 
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The surrounding atmosphere determines 
to a great extent the proper type of en- 
closure to be used. These starters are 
installed in a grain elevator, and are 
protected by special dust-tight enclosures 


by the use of a thermal cutout to 
protect the coils. When the thermal 
cutout opens because the armature 
fails to close, it is merely necessary 
to replace a small link made of two 
pieces of metal held together by a 
low melting point solder. 

Resistors—Resistors are impor- 
tant auxiliaries and are of several 
types, such as porcelain tube, enam- 
eled resistors, open wound, wire re- 
sistors, strip wound, cast grid, etc. 

Cast grids are usually assembled 
and held together by being clamped 
on a tie rod. The current passes 
from one grid unit to another across 
a ground face. When too much cur- 
rent, say several hundred amperes, 
is made to flow across these ground 
surfaces, they may develop high 
resistance and destroy the joint. 

To overcome this difficulty, these 
joints should be cleaned and the 
current path paralleled. This pro- 
cedure will reduce the current in the 
middle joints, where the trouble 
usually occurs or is most likely to 
develop. 

Edge wound or strip resistors 
usually have their terminals either 
brazed or welded to the strip, which 
prevents excess resistance from de- 
veloping at this joint. In order to 
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provide an adjustable contact o: 
this type of resistor, a clamp typ 
of terminal is sometimes furnished 
However, since the resistor may be 
come quite hot at this point, a bad 
contact is very likely to develop 
Therefore, if one does develop, the 
best cure is to braze the terminal at 
the proper position. 

The high resistance cast grids 
that have a small cross sectional 
area sometimes give trouble because 
of breaking, especially if they ar 
mounted on machines that vibrate 
severely. A _ correction for this 
trouble is to use an edge wound re 
sistor, which is nonbreakable. This 
type is made of corrosion resisting 
material that is capable of with 
standing high temperatures without 
scaling. 

Relays—The function and im 
portance of relays are too well 
known to need discussion ; to cover 
all the relays used would be an end 
less task because there are man) 
varieties of them. A number of r 
lays have been designed to operat 
as a function of time. The one that 
was designed first to operate on 
time basis was the dashpot type 


Movement of a solenoid is retarded 


by means of a dashpot, giving 


time-current relation that is called 


an inverse time characteristic. 

If trouble is experienced due 
tripping while starting a motor « 
shortly after getting up to spee 
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vere are three things that can be 
one: 
1) A heavier oil may be used if the 


‘clay almost holds. 
2) A starting contactor can be used 


that does not include the overload relay 
in the circuit. After the motor is up to 
speed, the running contactor can close 
and the starting contactor can open, con- 
necting the overload relay into the cir- 
cuit. This is a rather complicated 
method, but it is sometimes used. 

3) The final alternative is to replace 
the dashpot with a temperature type of 
overload relay. This is one of the rea- 
sons why the temperature type overload 
relays were originally developed. 

Temperature Overload Relay— 
Since the function of a tempera- 
ture overload relay is to protect a 
motor under all ambient tempera- 
tures, its final temperature should 
be the same as that of the motor— 
which is 90 C. This means that a 
motor can have a 50 C rise in a 40 
C ambient. 

Therefore, the relay should just 
trip if placed in a 90 C ambient, or 
in a pail of water held at that tem- 
perature. If a relay does not func- 
tion correctly, it should be im- 
mersed in a pail of water kept at 90 
C and adjusted so that it will. The 
adjustment should not be made by 
bending the thermoflex strip. If this 
method of checking or adjustment 
does not provide the necessary de- 
gree of protection to the motor, it 
can be assumed that the size of the 
relay heater is not correct. 

A temperature overload relay 
does not need any such maintenance 
attention as outlined for dashpots, 
but its use does involve the observa- 
tion of certain precautions. Since it 
is sensitive to temperature, it should 
not be put in a strong draft, such as 
that from a window or a circulating 
fan. If it is necessary to place it in 
such a position, it should be shielded 
by a cover. 

Conversely, a temperature over- 
load relay should not be situated 
above a source of heat, such as 
steam pipes. In brief, the relay 
should be in an ambient tempera- 
ture that does not differ greatly 
from that of the motor. 

Time Delay Relay—The third 
type of relay is used for controlling 
the rate of acceleration of motors 
and for many other functions where 
a short time delay is needed. In the 
escapement type of relay, a pendu- 
‘um is used as the governing means, 
which makes it necessary to mount 


the relay in a definite position with 
respect to the motion of the pen- 
dulum. 

It is not always possible, however, 
to mount the relay in the proper 
position, and when it is in the out 
of true position it is less dependable. 
Shortening the pendulum makes it 
possible to tip the relay further 
from the vertical, but the shorter 
pendulum results in a shorter time 
delay. 

To overcome this limitation a new 
design that has a balanced pendu- 
lum has been made available. The 
variation in time is obtained by 
changing the length of the stroke. 
In principle the two devices are the 
same, but mechanically they are 
quite different. 

If the older type of escapements 
fail to time properly, their mounting 
position should be checked. How- 
ever, if the application is such that 
it is difficult to mount and keep the 
relay in the proper position, consider 





use of the balanced type. 


When Corrosive Gases Are 
Around—Corrosive fumes in many 
plants, such as those manufacturing 
rayon, coke, sulphuric acid, nitric 
acid, chlorine, and so on, rapidly at- 
tack the metal parts of control de- 
vices. To overcome this trouble, the 
operating parts are frequently im 
mersed in oil in a container capable 
of withstanding the corrosive at 
mesphere. The container is made 
either of cast iron or of heavy boiler 
plate steel, which is given a protec- 
tive coating of a paint that is capable 
of withstanding the fumes or gases 
encountered. 

When it is impracticable to oil 
immerse a given type of control, the 
equipment is enclosed in a heavy 
case with a tight, gasketed cover. 
The enclosing case is protected with 
a suitable corrosion-resisting paint 

-E. H. ALEXANDER, engineer, in 
dustrial control division, General 
Electric Co. 
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Shipyard Pipe Shop Streamlines 





Fabrication for Liberty Ship: 
New Methods Developed by Oregon 
Shipbuilding Corp. Speed Pipe Bending 
and Other Operations .... By R. S. Jones 


SUMMARY—Mr. Jones, of marine pipe 
control, Oregon Shipbuilding Corp., de- 
scribes here the piping services for Lib- 
erty ships—essential products of the U. 
S. Maritime Commission’s “ships for vic- 
tory” program. ... There are some eight 
and a half miles of piping aboard one 
of these vessels; roughly, the piping 
services can be classified as fuel oil, 
lubricating oil, salt water, fresh water, 
and steam and exhaust systems, plus 
various miscellaneous lines. In order to 
keep pipe fabrication up with the pro- 
duction schedule of the rest of the yard, 
new methods of pipe bending and per- 
forming other fabrication operations 
have been inaugurated in the pipe shop. 
. . « This description of the new proce- 
dures will be of interest not only to 
shipyards and fabricators of ship piping 
but also to contractors not engaged in 
shipbuilding, for it has been suggested 
that one way of speeding our ship pro- 
gram may involve increased prefabrica- 
tion of ship piping wherever facilities 
are available in contractors’ shops. . . . 
Standardized design of the Liberty ships 
allows more extensive prefabrication of 
piping than would otherwise be possible. 


Tue EC2-SC1, or Liberty ship, is 
a single screw cargo vessel essen- 
tially simple in its lines and designed 
to perform at maximum efficiency 
under all conditions. The ship was 
designed primarily for construction 
and use under emergency conditions 
that require speedy building, and 
yet to be an efficient, seaworthy ves- 
sel that will satisfy the rigid require- 
ments of the Maritime Commission. 
The vessel has a total displacement 
of 14,100 long tons, and is powered 
by a three cylinder direct acting, 
surface condensing, triple expansion 
marine engine. 


8.5 Miles of Piping 


All sizes and types totaled, there 
are approximately 8.5 miles of pip- 
ing aboard one vessel and the num- 
ber of valves and fittings runs far 
into the thousands. Unless the line 
operates under high pressure or 
high temperatures, the piping under 
1% in. has screwed joints. The rest 
of the piping is flanged. Any line 
carrying salt or fresh water, or ex- 
posed to the elements, is galvanized. 
Piping is direct as practical with a 
minimum number of bends and 
enough joints to provide easy acces- 
sibility. 

There are 31 systems of piping on 
the Liberty ship, each named ac- 
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cording to its service and, with few 
exceptions, entirely dependent upon 
one another for operation. The sys- 
tems can be roughly divided into 
five separate classifications: fuel oil, 
lubricating oil, salt water, fresh wa- 
ter, and steam and exhaust. 

The main fuel oil system is titled 
“fuel oil transfer and oily ballast,” 
and is so combined that it can either 
carry fuel oil from or to the storage 
tanks, or when necessary fill and 
empty the tanks with water ballast. 
This system is constructed of 5 and 
6 in. standard black pipe and has a 
working pressure of 50 psi and a 
working temperature of 100 F. 

Fuel oil service carries fuel oil 
from the tanks to the burners and 
has the highest working pressure of 
any of the systems on the ship (450 
psi). It is constructed of extra heavy 
seamless drawn black pipe running 
in sizes from ™% to 1% in. 

The only other system coming un- 
der the fuel oil classification is the 
overflow system, a galvanized line 
taking care of any possible overflow 
from the fuel oil tanks. 

Under the heading of lubricating 
oil systems comes only one line, fill- 
ing and draining for miscellaneous 
tanks, a low pressure line supplying 
the various oil service tanks 
throughout the vessel. 

The salt water systems comprise 
several minor systems all emanating 
from one major system, entitled 
“salt water suction and discharge.” 
The salt water systems have several 
duties, such as providing circulating 
water for the main engine and the 
propeller shaft, salt water for sani- 
tary services, pumping bilge from 
all holds and machinery spaces, tak- 
ing care of all drainage from the 
deck, and providing water for the 
fire systems. Standard galvanized 
pipe is used on the salt water sys- 
tems, which operate under 50 psi 
working pressure. 

The fresh water system provides 
water for the galley, all wash basins, 


drinking fountains, and baths. It 
a galvanized line using pipe wit 
screwed joints running from siz 
1% down to % in. 

The steam and exhaust syste: 
comprise the greater percentage 
piping systems on board the Libert, 
ship. Under this classification com: 
two major systems, main steam a1 
auxiliary steam, and their vario: 
satellites. 

Main steam is a superheated li: 
running from the superheater ou 
let of each boiler and uniting into 
common main leading direct to th 
throttle of the main engine. Mai: 
steam is a 6 in. standard seamless 
drawn line which operates unde: 
220 psi working pressure and 450 | 

Auxiliary steam furnishes satu 
rated steam to the engine room 
auxiliaries (steam to the deck ma 
chinery, to the steering gear, to tl 
fuel oil heaters, to the evaporator 
coils, to the ship’s heating systems 
and to the steaming out and smot 
ering systems). These engine roon 
auxiliaries exhaust into a continu 
ous main to the exhaust heater. Thx 
auxiliary steam systems are ru 
with standard seamless drawn pip 
and have a working pressure of 300 
psi and a temperature of 400 F. Thy 
exhaust lines are standard black 
pipe under 12 psi working pressure 
and 245 F working temperature. 

There are, of course, several other 
piping systems that do not come un 
der the above classifications, such as 
refrigeration stores, CO,, telemoto 
piping, etc. However, the above five 
classifications give a general idea ©! 
the piping aboard the EC2-SC1. 


The Pipe Shop 


The pipe shop at Oregon Ship 
building Corp. is a two story butl: 
ing, 60 & 300 ft, with the first floor 
devoted: entirely to the cuttin 
bending, welding, and testing 
pipe. The second floor compris: 
the pipe assembly, where certa’’ 
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Some of the piping on a Liberty ship. Above—Engine room center, aft of boilers, showing main steam piping 
and atmospheric exhaust lines. . . . Below—Aft steering gear room, showing sanitary fresh water tank on star- 
board side, with auxiliary steam and exhaust piping lines. Small lines are telemotor piping 
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specialized units of systems are set 
up, jointed, and sent down to the 
hulls for installation. 

With but few exceptions where 
the pipe is heated and bent on the 
slab, all gf the 1243 bends required 
per ship are bent cold on the six 
bending machines in use in the pipe 
shop. 

In the early days at Oregon Ship- 
building, pipe was bent system by 
system and much of the pipe was 
bent according to template. The 
pip: department soon found that if 
it wits to maintain the installation 
pace set by the other departments 
in th. yard, several drastic changes 
would nave to be made in the fabri- 
cation methods then in use. 

A conference of the heads of the 
pipe department resulted in several 
unprecedented changes in methods. 
A time study revealed that much 
time was being expended in the use 
of bending by template and even 
after the bend was made, it would 
not fit the specifications required. At 
the same time, a study of the meth- 
ods in use revealed that too much 
time was being lost in the changing 
of dies to meet the many sizes of 
pipe required on each system. 


New Methods 


The conference resulted in the 
discard of template bending and a 
complete change over from system 
by system bending to a bending by 
size and radius, with complete dis- 
regard to system and hull. 

For example, instead of bending 
all of the auxiliary steam piping re- 
quired for one hull, the bending ma- 
chine would set up a die for 4 in. 
pipe with a 20 in. radius, and would 
then bend all the 4 in. pipe with a 
20 in. radius required, not only for 
auxiliary steam but for all systems 
throughout the ship. With this pro- 
cedure in force, each size and radius 
of pipe was bent not only for one 
hull but for six hulls at the same 
time. After this new procedure was 
tested out and found feasible all 
bends used in a hull were grouped 
according to size and radius. Then 
a cycle of production was set up to 
match the production schedule of the 
yard in general. It was found that 
to meet launching and delivery 
schedules, and still build up a sur- 
plus stock of bent pipe (the pipe 
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shop fabricates for surplus stock in- 
stead of for direct installation), a 
complete cycle of bending would 
have to take place every two weeks. 


Streamlined 


With this new sequence of pipe 
bending in operation, it was found 
that pipe fabrication could more 
than keep up with the construction 
schedule of the rest of the yard; 
nevertheless, it was necessary to cut 
down on the spoilage of pipe and 
re-bending. To force further effici- 
ency, a streamlined fabrication pro- 
cedure was inaugurated with several 
new twists. 

The pipe is brought in one end of 
the shop in raw lengths and is given 
a preliminary cut, allowing three or 
four inches for bending. It is then 
taken to a bending machine where 
it is bent according to detailed blue- 
print. 

In an effort to bend the pipe ex- 
actly as required and still be able 
to turn out bends at top speed, an 
oversize “protractor” was  con- 
structed and fastened to the top of 
the die on the bending machine. 
This ingenious device is constructed 
with a movable arm or pointer 
which can be set at the degree of 
bend required on the drawing. For 
example, a piece of pipe requires a 
30 deg bend. The pointer of the 
protractor is set at 30 deg and the 
bending operation then starts. When 
the pipe has been bent to 30 deg 
it comes to rest flush against a ver- 
tical arm, indicating that the pipe 
now is bent to 30 deg. The pro- 
tractor is so constructed as to allow 
for the spring back of the pipe after 
the pressure of the block is released. 

Even with the use of this pro- 
tractor, bends sometimes vary as 
much as % in. Rather than have 
the men operating the benders stop 
production and check each piece for 
correct specifications, the piece is 
sent to the slabs, where a soapstone 
outline of the pipe has been made, 
with rigid pipe chairs placed along 
one side of the outline. The pipe 
is then set down in the chairs. If 
the piece does not meet the exact 
specifications, it is heated with a 
torch and is bent by hand right as 
it lies on the slab. (Only in about 
one in every 20 pieces is this correc- 
tion procedure necessary ). 

While the piece is still on the slab 





it is cut to exact measurement ( te 
make up for the preliminary cut ) 
and the flanges are tacked on. (1: 
get an exact fit, a “headstone” i 
used in tacking the flanges on). 

From the slab the piece is sent t 
the weld room, where the welding 
of the flange is completed. 

With the completion of the weld 
ing the pipe is then sent to th 
storage yard. (Except wher 
screwed flanges are used, a pressur: 
test is made before the pipe is re 
leased.) Once in the storage yar: 
the pipe is racked according to siz: 
and type where it awaits deliver) 


to the hull. 
Specialists 


Probably the greatest achiev 
ment in pipe shop operation is the 
handling of the pipe itself. Eac! 
man in the shop has a special opera 
tion, whether ‘t be reading the bend 
ing protractor or painting the iden 
tification number on the pipe. Al! 
pipes, in their trips down the as 
sembly line, are handled by over 
head cranes and every fabrication 
operation is smooth and precise. 

Every day, shipbuilding records 
fall at Oregon Shipbuilding Corp., 
and to maintain its part in the pro 
duction rate, the pipe shop finds it 
necessary always to be searching for 
new and faster fabrication methods 
—methods that will furnish pipe in 
sufficient quantities, yet deliver pipe 
that will satisfy the strict installa 
tion requirements of the USMC. 





OREGON SHIP BREAKS 
ALL BUILDING RECORDS 


All shipbuilding records were 
broken last month when Henry 
Kaiser’s Oregon Shipbuilding 
Corp. launched a Liberty ship 
just 10 days after its keel was 
laid. The launching broke the 
24 day record, which was set a 
month earlier, held by Mr. 
Kaiser’s Richmond, Calif. yard. 

It was emphasized by com- 
pany officials that there had 
been no disruption of routine 
production during the record- 
breaking construction. 
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INDUSTRIAL HEALTH DEFENSE 





How to Make Dust Counts 


MetuHops OF calculation for various 
dust counting instruments, and the 
multiplication factors influencing the 
dust counts, are shown in the ac- 
companying table. It should be em- 
phasized that in preparing this table 
for the sake of comparing the vari- 
ous methods, certain typical condi- 
tions had to be assumed in some 
instances and that many other com- 
binations are possible. 

In reviewing the table and com- 
paring the mathematical factors af- 
fecting the dust counts as obtained 
by the various methods, it is obvi- 
ous that even reasonably small devi- 
ations in the actual counting will 
result in sizeable errors that may 
extend into millions in the final 
calculations. In recording dust 
counts, therefore, the possible de- 
gree of accuracy should be deter- 
mined with respect to the tabulated 
factors, and only the required num- 
ber of significant figures should be 
included. 

It also appears that the accuracy 
of the final dust values recorded by 
the various methods so far as quan- 
tification per se is concerned, is not 
significantly greater or lesser for 
one process than another, within 
certain concentration ranges. An 
exception is the microprojection 
technique on impinger samples and 
possibly the konimeter. Long range 
air samples resulting in low water 
to air volume ratios, counted with- 
out dilution by the microprojector, 
require relatively small factors as 
indicated in the table. A close sec- 
ond is the konimeter method, if we 
are to accept Mavrogordato’s classi- 
fication to the effect that concentra- 
tions in the microscopic field which 


By N. R. Bernz 


SUMMARY—Considerable attention has 
been focused in recent years on the con- 
servation of health in industry, a subject 
of increased importance because of the 
vital need for all-out war production. 
Mr. Bernz, of the Fidelity and Casualty 
Co. of New York, discusses the methods 
employed in the evaluation of dust ex- 
posures, reviewing the types of sampling 
and counting instruments and the various 
factors involved. ... In March he covered 
the Greenburg-Smith impinger—best 
known of the sampling devices—and the 
Sedgwick-Rafter and Hatch cells for dust 
counting. In June, he discussed the 
midget impinger, the microprojector, the 
Owens jet, the B. & L. dust counter and 
the konimeter. In his concluding 
article this month, information is given 
on the choice of dust counting instru- 
ments, methods of sampling, and evalua- 
tion. A table summarizing the multi- 
plication factors for various dust count- 
ing instruments is included. . . . His ma- 
terial is based on a paper read before the 
Greater New York Safety Congress 


are heavy enough to result in dust 
counts in the 10-15 million class 
after the mathematical factor has 
been applied, are still “easy to 
count.” Of the two, however, the 
microprojector has a longer range. 
While a factor in the class of 0.05 x 
10° applies only up to about 14 mil 
lion with the konimeter method, it 
is applicable for a concentration of 
25 million with the former. The 
same thing applies when compared 
to other methods. A _ factor of 
0.2 x 10° used on impinger samples 
in the 10 million class, with the di- 
rect microscopic method, may be ap- 


Left to right—Owens dust sampling ap- 
paratus. . . . Hill dust sampling appara- 
tus. . . . Midget impinger. . . . Thimble 
dust sampling apparatus (Photos courtesy 
division of industrial hygiene, New York 
State Department of Labor) 


plied in concentrations up to 100 
millions in the microprojector 

\t this point it might be appropri 
ate to emphasize that when speak 
ing of accuracy of dust count i 
this connection, I am _ referring 
strictly to evaluation of the dust 
samples as taken, and not of a true 
dust count so far as the dust ex 
posure is concerned, in which the 
efficiency of the dust sampling d 
vice and a number of other factors 
should be taken into consideration 


Choice of Method 


So far as the sampling instru 
ments are concerned, one with a 
large sampling capacity—as_ th 
standard impinger, for instance 
naturally furnishes a more represen 
tative sample than any one of the 
grab samplers. Numerous attempts 
have been made to correlate the dif 
ferent instruments so that the counts 
of one could be interpreted in terms 
of another, but without much suc 
cess. This would have been highly 
desirable, in view of the fact that 
most of the data pertaining to lung 
pathology in connection with dust 
exposures in this country have been 
correlated with dust counts obtained 
by the Greenburg-Smith impinger. 

While it is true that the various 
instruments have varying efficien 
cies, and that it is very doubtful that 
any one device reaches the 100 per 
cent mark (although such claims 
have been made), a_ correlation 
should be possible provided the 
efficiencies remain constant. This 
is not the case, however, as studies 
have revealed that the collecting efh 
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Methods of Calculation ‘or Various Dust Counting Instruments, with Multiplication Factors 


(C x Factor = Dust Value in Particles per Cubic Foot) 


























METHOD INS TRUMENT PARTICLES PER FACTOR c CONDITION 
CUBIC FOOT = 
1 Impinger and 4000 x cc* 6 75 cc sampling liquid, 15 cu ft of 
direct micro- cx —_ 0.2 x 10 Average count per 1/4/ air and a concentration in the 10 
scopic counting field million class, i.e. requiring a di- 
lution of 10 times 
2 Midget impinger 4000 x cc* 6 10 cc sampling liquid, 1 cu ft of 
and direct micro- Cx 0.2 xz 10 Average count per 1/4/ air and a concentration in the 10 
scopic counting cu ft field million class, necessitating a di- 
lution of only five times with this 
method 
3 Micropro jection 5 Average count per Water to air volume ratio of 10.** 
method on impin- Cx2x10 0.2 x 10° 0.05 square milli- Counting erea of 0.05 square milli- 
ger samples meter counting area meter 
as projected on the 
translucent screen 
g | Average count per Water to air volume ratio of 2.5°* 
CxS x10 0.05 x 10° | 0.05 square milli- | Counting area of 0.05 squere milli- 
meter counting area meter. 
as projected on the 
translucent screen 
4 Owens jet C x 2.83 x 10° 0.28 x 10° | Average count in one | One stroke (i.e., @ 50 cc air sample) 
ribbon and such a magnification that the 
length of the dust record is 500 
times the width of the ribbon counted 
5 B&L dust c x 105 0.1 x 108 Average count in one | One stroke, i.e. 28.3 cc air sample 
counter ribbon 
6 Konimeter C x 5.7 x 10* 0.06 x 10° Average count over One stroke, i.e. 5 cc air sample 
four 9 deg sectors 




















*cc in these calculations is volume of original sampling liquid. 
**"The water to air volume ratios given are on the basis of cc of water to cu ft of air. 


Note: 
the impinger methods. 


ciency of an instrument is a mathe- 
matical function of the size variation. 
Another factor which probably plays 
just as important a role in the lack of 
coordination of dust counts as ob- 
tained by different devices, is the 
fact that the dust dispersion of an 
industrial process is seldom or never 
constant. It usually varies from 
moment to moment and for this rea- 
son the difference between the dust 
values secured by means of a grab 
device and those representing large 
volume samples integrated over 
relatively long periods of time, are 
bound to vary. Gurney et al [see 
Journal of Industrial “Hygiene and 
Toxicology, January, 1938], who 
made comparative studies of dust 
samples taken with the impinger 
and the Bausch & Lomb dust 
counter, have shown that the ratios 
between the dust counts obtained 
with the two methods vary greatly 
with the size range of the dust 
sampled. 

When comparing a grab sampling 
instrument with the impinger in a 
dust exposure which varies great- 
ly from one moment to another, it 
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may well happen that the various 
“shots” of the grab sampler syn- 
chronize with the top or bottom of 
the dust dispersion pulsation curve, 
while the impinger, with its long 
range samples, catches both ex- 
tremes and its dust value results in 
an average. Therefore, even if the 
size range were such that a constant 
efficiency could be maintained for 
the two instruments, the first case 
would result in one ratio while the 
second case would show another. 


Purpose of Counts 


In the choice of a dust sampling 
instrument, the purpose for which 
the dust recording is to be made 
should be the guiding factor. If an 
appraisal of a dust hazard is to be 
made, the dust concentration should 
be determined by instruments and 
methods on which safe limits and 
codes are based. In the case of a 
dust exposure in which an occupa- 
tional disease hazard is involved, 
the sampling should preferably be 
done with the impinger, since prac- 


Above derivations are based on microscopic combinations as described in the text, and one millimeter deep cell for 


tically all data by means of whic! 
such may be evaluated 
are based on this instrument. 

For purposes such as periodi 
checking of the performance of dust 
control systems, or other tests of a 


exposures 


similar nature, almost any conven 
ient dust sampling device is satis 
factory. Since portability and sim 
plicity in operation with respect to 
both sampling and counting aré 
about the only requirements, tli 
grab samplers with microscopic ar 
rangements lend themselves readily 
to this type of work. A fairly con 
stant collecting efficiency is naturally 
a criterion for a dust sampling de 
vice used to compare the degrees « 
dustiness of a plant from time 
time. As stated above, it is not al 
ways possible to attain such a con 
stancy due to a number of varying 
conditions, but with intelligent ap 
plication the effect of this instability 
may be minimized. The konimeter, 
for example, has been used exten 
sively and with great success in dus 
control work in the mines of Sout 
Africa. 
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Microscope 


The type of microscopic combina- 
tion used in dust counting also 
ereatly affects the counts. The im- 
portant factors in this respect are 
the magnification and illumination, 
.e., the type of condenser employed. 
In the writer’s experience with a 
light field setup consisting of an 
\bbé condenser, a 7 x eye piece and 
a 10 x objective, and a dark field 
combination of a dissecting con- 
denser, a 30 x eye piece and a 10 x 
objective, ratios between dark field 
and light field counts as high as 50 
have been recorded for industrial at- 
mospheres. In other words, 50 
times as much dust has been found 
by one method as with the other on 
the same samples. This tendency 
toward higher counts when the ob- 
servation was made under dark field 
microscopy with higher magnifica- 
tion, has also been shown in the 
studies of Hatch and Pool, pub- 
lished in the Journal of Industrial 
Hygiene and Toxicology, vol. 16, 
p. 177 (1934). 

Since this is due to the fact that 
the limit of visibility of the dark 
field method described above is 
much lower, microscopically speak- 
ing, than that of the light field, it is 
evident that theoretically, at least, 
such a ratio is unlimited. This can 
be shown mathematically: If all the 
dust in a sample is of such a small 
size that it cannot be seen by the 


Left to right—Large impinger. . . . B. & 
L. dust sampling apparatus. . . . Electro- 
static dust and fume sampler. . . . The 
konimeter (Photos courtesy division of 
industrial hygiene, New York State De- 
partment of Labor) 


standard light field method, i.e., the 
light field count = 0, the ratio of 
dark field to light field counts be- 
comes infinity. 


The Sample 


Regardless of the type of sam- 
pling instrument used and the mi- 
croscopic method employed in the 
quantification process, in view of the 
variation in industrial operations 
with the consequent change in the 
rate of dust dispersion, it is evident 
that a single dust count has little or 
no meaning. For proper rating of 
any dusty industrial process with re- 
spect to its pathology producing 
potentiality, frequent sampling and 
dust evaluations should be made. 

The position of samples in order 
to secure the most representative 
location with respect to dust dis- 
persion is very important. Correct 
labeling of dust samples in reports 
is necessary for proper interpreta- 
tion. Breathing zone samples, i.e., 
samples taken close to the nose of a 
man engaged in a dusty operation, 
are evidently much higher than 
those taken in the general air of the 
work room. Only one man, however, 
may be exposed to the higher con- 
centration thus recorded, while a 
great number of men may be en- 
countered in the atmosphere repre- 
sented by the general air dust count. 
Both types of counts are therefore 
important as an indication of vari- 
ous conditions, and emphasize the 
importance of specifying the posi- 
tions where the different samples 
are taken. 

Another item of great importance 


in the evaluation of dust samples 
collected in a liquid, is the time in 
terval that elapses between sampling 
and counting, i.e., the age of the 


sample. Flocculation of dust pat 

ticles into large aggregates, thus 
decreasing the original numbers, 
takes place rapidly as the sample is 
permitted to age. The rate of floc 

culation varies for different types of 
dust; thus, for instance, foundry 
dust flocculates much more rapidly 
than that of granite. Regardless of 
the type of dust, however, counting 
should be done as quickly as pos 

sible after sampling in order to 
eliminate excessive flocculation, and 
a time limit of 24 hr should prefer 

ably not be exceeded. This rule also 
helps to minimize the reduction in 
original particle numbers due to the 
solubility of the dust, which in som 
instances may be quite a factor. All 
this naturally applies only to instru 
ments in which the dust is collected 
in a sampling liquid, as in the im 

pinger. 


Other Factors 


A great many other considera 
tions should be taken into account 
in order to obtain as accurate an 
evaluation as possible. Such con 
siderations include proper cleaning 
of dust counting cells and sampling 
devices, adequate agitation of dust 
samples in liquid suspension to se 
cure a representative portion in the 
counting cell, the technique of filling 
cells, counting of a sufficient number 
of cells and fields in each cell to 
obtain a representative average, 
proper settling period in the cell be 





] 
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fore counting, deduction of proper 
control counts, etc. 

Another factor which within cer- 
tain limits undoubtedly influences 
the degree of error in dust counting 
to not a very small extent, is the 
experience of the man doing the 
dust counting. The inexperienced 
counter usually exhibits a tendency 
to report much lower dust values 
than the one who has had more 
microscopic experience. Unfortun- 
ately, however, it is not practical to 
define any standard requirements 
which should be applied in order to 
minimize this factor. 


What to Report 


In reviewing all of the above con- 
ditions that may affect the size of the 
errors in dust counts as reported in 
industrial hygiene surveys, it is evi- 
dent that it is not always feasible 
to scrutinize all these items in the 
evaluation of a dust exposure. It 
should be equally clear, however, 


that there are certain fundamental 
requirements that should be defined 
whenever a dust count is recorded. 
Of conditions that should be speci- 
fied, the following are probably the 
most important. 

1) The type of sampling instrument 
used. 

2) The microscopic setup employed in 
making the quantitative determinations. 
This should include the magnification, 
size of field, and type of condenser. 

3) Time that elapsed between the dust 
sampling and counting of impinger 
samples. 

4) Location of samples, with empha- 
sis as to whether they are general air or 
breathing zone samples. 


5) The composition of the dust. If 


siliceous the percentage of free silica 
should be defined. 

For the complete appraisal of the 
hazard involved additional informa- 
tion is necessary, such as number of 
men exposed, duration of exposure, 
respiratory protective devices worn, 
etc., the description of which is be- 
yond our scope here. 


ASA APPROVES TWENTY- 
THREE ASTM STANDARDS 


Tue AmerIcAN Standards Associ- 
ation recently announced approval 
of 23 standards and specifications 
developed by the American Society 
for Testing Materials. Seven deal 
with wrought iron and wrought steel 
pipe and tubing; 12 cover specifica- 
tions for testing materials for boil- 
ers, pressure vessels, flanges and 
boltings, locomotives, etc. ; two cover 
malleable iron castings and cupola 
malleable iron; and two deal with 
fabricated steel bars and welded 
steel wire fabric for concrete rein- 
forcing. 


Among the standards of particu- 
lar interest to HPAC’s readers are: 

Boiler Rivet Steel and Rivets (ASA: 
G28.1-1942 ; ASTM :A31-40) 

Carbon Steel Plates for Stationary 
Boilers and Other Pressure Vessels 
(ASA :G29.1-1942; ASTM :A70-39) 

Low Tensile Strength Carbon Steel 
Plates of Flange and Firebox Qualities 
(ASA :G30.1-1942 ; ASTM :A89-39) 

Carbon Silicon Steel Plates of Ordi- 
nary Tensile Ranges for Fusion Welded 
Boilers and Other Pressure Vessels 
(ASA :G31.1-1942 ; ASTM :A201-39) 

Chrome Manganese Silicon (CMS) 
Alloy Steel Plates for Boilers and Other 





Pressure Vessels (ASA:G32.1-19 
ASTM :A202-39) 

Low Carbon, Nickel Steel Plates 
Boilers and Other Pressure Vess 
(ASA :G33.1-1942 ; ASTM :A203-39) 

Molybdenum Steel Plates for Boi! 
and other Pressure Vessels (ASA:G34 
1942; ASTM :A204-39) 

High Tensile Strength Carbon Sili 
Steel Plates for Boilers and Other P: 
sure Vessels (ASA :G35.1-1942; AST 
212-39) 

Alloy Steel Castings for Valy 
Flanges, and Fittings for Service at Te: 
peratures from 750 to 1100 F (AS 
G36.1-1942 ; ASTM :A157-41) 

Forged or Rolled Alloy Steel P 
Flanges, Forged Fittings, and Valves and 
Parts for Service at Temperatures fro: 
750 to 1100 F (ASA :G37.1-1942; ASTM 
A182-40) 

Forged or Rolled Steel Pipe Flan 
for General Service (ASA :G46.1-194 
ASTM :A181-37) 

Lap Welded and Seamless Steel a: 
Lap Welded Iron Boiler Tubes (ASA 
B36.12-1942; ASTM :A83-40) 

Electric Resistance Welded Steel and 
Open Hearth Iron Boiler Tubes (ASA 
B36.13-1942; ASTM :A178-40) 

Seamless Steel Boiler Tubes for Hig! 
Pressure Service (ASA:B36.14-1942 
ASTM :A192-40) 

Medium Carbon Seamless Steel Boile: 
and Superheater Tubes (ASA:B36.1" 
1942; ASTM :A210-40) 

Spiral Welded Steel or Iron Pipe 
(ASA :B36.16-1942 ; ASTM :A211-40) 

Seamless Alloy Steel Boiler and Super 
heater Tubes (ASA:B36.17-1942; AST 
M :A213-40) 

Electric Resistance Welded Stee! 
Boiler and Superheater Tubes for Hig! 
Pressure Service (ASA:B36.18-1942 
ASTM :A226-40) 

All of these standards are avail 
able from the American Standards 
Association, 29 W. 39th St., New 
York, N. Y., at 25c per copy. The) 
can be ordered singly or in sets. 





COMPRESSORS TO BE TAKEN 
FOR WAR PLANT USE 


Lessing J. Rosenwald, director of 
the conservation division of the War 
Production Board, announced at a 
meeting of department store inter- 
ests last month that air condition- 
ing compressors in sizes 100 hp and 
larger are to be taken from various 
department stores, hotels, theaters, 
and office buildings all over the 
country, for use in plants needing 
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such equipment to produce syn- 
thetic rubber, high octane gasoline, 
and other war needs. According to 
a letter from Donald Nelson, which 
Mr. Rosenwald read, it will prob- 
ably be necessary to acquire exist- 
ing equipment in sizes 100 hp and 
larger from practically all hotels, 
office buildings, theaters, and build- 
ings of like character. Tremendous 
quantities of compressors are need- 
ed, according to Mr. Nelson, and 
could not be built in the short space 


of time available for the completion 
of the various projects. 

A number of stores have volu 
teered their refrigeratiyg equip 
ment, and similar requests are to lx 
made by the WPB of other users o! 
refrigerating equipment, it is under- 
stood. The news was no surpris’ 
to many users of air conditioning, 
some of whom had received inquiries 
on the matter, and who are familiar 
with the many wartime applicati: 
of air conditioning. 
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How to Organize and Carry Out 
a Factory Scrap Campaign 


\ SALVAGE program in a plant, fac- 
tory, shop, or yard must be based 
on the fact that industrial salvage 
and conservation form the backbone 
of the War Production Board’s cam- 
paign to put the nation’s waste back 
into production. Unless American 
industries take on the major job of 
making broken down, dismantled or 
unusable materials available for 
scrap, the national supply of steel 
for manufacture of war equipment 
will be endangered. For, if steel 
mills are not assured of an adequate 
supply of scrap, they cannot continue 
to keep up production of the steel 
which goes into planes, tanks, guns, 
and ships we need to win the war. 

Such factors as type of work and 
the size of plant partially govern the 
organization of a company’s salvage 
operations. But common methods 
of organization of a scrap campaign, 
collection, segregation, and disposal 
are available to all. 

Salvage Manager—First, the or- 
ganization to operate an effective 
salvage collection need not be elab- 
orate or costly. It works best when 
it is simple and unencumbered with 
extra officials and unnecessary steps. 
An able executive of the company 
should head it up as salvage man- 
ager. He should work with super- 
intendents and foremen in various 
departments. He must be armed 
with ample authority to make deci- 
sions to scrap unused material. 


Survey—To start the ball rolling, 
these men should make a survey of 
their departments and report to the 
salvage manager machines and 
equipment which are obsolete or out 
of active production. The salvage 
manager should make a written re- 
port of these findings as a basis for 
action. 

Yardstick —I1t is management's 
function to mark and send to the 
scrap heap equipment that is obso- 
lete. After inspection, use this yard- 
stick in coming to a decision: If a 
machine or other piece of equipment 
hasn’t been used for three months, 
and if it can’t be proved that it will 
be used in the next three, turn it 
over where it can be used .. . or 
scrap it. Either dispose of equip- 
ment in industry if there is a call for 
it, or put it to work as scrap for 
the weapons of war. 

Classification—Once such equip- 
ment has been marked for scrap, a 
responsible shop man should super- 
vise its dismantling and classifica- 
tion. The assortment may be made 
to yield valuable replacement parts 
for machines in operation. Cutting 
down the need for purchasing new 
parts will remove the plant from 
the competition for equipment. 

Promotion—No salvage campaign 
can be successful without the whole- 
hearted cooperation of every per- 
son in the plant. Remember that 


even the most worthwhile cause 
needs the proper promotion to put 
it across. The battle for scrap to 
keep our production going is dra 
matic enough to put over with a 
bang. Stunts, posters, billboards, 
and frequent mention in company 
publications or house organs are ex 
cellent vehicles for capturing and 
sustaining employees’ interest in the 
program. In most plants, excellent 
talent can be recruited for this pro- 
motion from among the employees. 

Suggestions—W orkers should be 
urged to contribute suggestions and 
ideas for increasing salvage output. 
These may either be cleared through 
the foreman or written on slips and 
deposited in a suggestion box. Oc 
casional rewards and incentives for 
outstanding cooperation in the saly 
age campaign will bring out em 
ployee initiative. Workers can 
make or break a program. If their 
enthusiasm is enlisted and main 
tained, they will prove collaborators 
who will match the efforts of man 
agement. 

Bins—Bins and containers—pref 
erably displaying a poster or a 
slogan—should be placed in stra 
tegic spots throughout yards and 
plants. These serve as depositing 
places for production scrap, salvaged 
waste materials, and contributions 
which workers bring from thei: 
homes. Separate containers for dif 





equipment 


machines. 


department. 





7) Report promptly equipment which is obsolete. 
been used in three months, and it can’t be proved that it will be used in the 
next three, turn it over where it can be used 

8) Salvage usable parts from equipment marked for scrapping. 

9 Ss return of scrap to mills and refineries through existing channels. 
Report regularly on collections of scrap to the industrial salvage committee 
War Production Board in your community. 

10) Enforce monthly re-checks in every department to find scrap material 
previously overlooked. 


set up by the 


10 SUGGESTIONS FOR GETTING OUT INDUSTRIAL SCRAP 
1) Head up the campaign by appointing an able executive of the company, 
armed with authority to act. 
2) Use posters, illustrations, pay envelope stuffers, and all other publicity 
means to enlist all employees in scrap campaign. 
3) Comb plant and yards for dormant scrap and unusable and abandoned 


t) Survey all plant equipment, particularly idle, standing, or discarded 


5) Classify and segregate scrap and supervise its handling. 
6) Make each foreman responsible for preventing spoilage and waste in his 


If equipment has not 


... Or scrap it. 
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ferent metals, rubber, twine, etc., 
will save time sorting the material. 

Collection—Scrap is of use to the 
war effort in direct proportion to the 
speed with which it is gotten back 
into production. Arrange regular 
daily or bi-weekly schedules for the 
various departments and sources of 
supply. The salvage manager 
should see to it that collections are 
turned in on time to a central col- 
lection depot in the plant. Select a 
definite date each week for ship- 
ment to a junk dealer or have the 
salvage shipped by the company to 
the nearest collection point. 

Remember that scrap bears no la- 
bel. It is old jigs, dies, castings ; 
or it is a 10 ton machine that can’t 
be used. Waste metal, rubber, bur- 
lap, and other critical materials are 
valuable even in small amounts. 
very pound of these materials can 
be salvaged by industry. 

House Cleaning—Treat the fac- 
tory to a house cleaning. What 
was junk six months ago has its 
place in the war effort now. Sort 
rubbish carefully. Salvage what can 
be used,.and burn or otherwise dis- 
pose of the real rubbish that cannot. 
Keep the premises clear of debris. 
This is the only method by which it 
can be made certain that there is 
nothing further to be salvaged. 

Conservation—Every bit as im- 
portant as salvaging vital materials 
is the need to conserve what we 
have. Use less by making better use 
of what we have. Get this message 
across to the workers. It will bene- 
fit our sons and relatives in the 
armed forces. By preventing spoil- 
age and breakage, the material we 
work with can be turned against the 
enemy. 

Reports—In order to coordinate 
the salvage campaign in the individ- 
ual plant with the national effort, it 
is essential that regular reports on 
the amounts collected, according to 
classification, be delivered to the in- 
dustrial salvage committee set up by 
the WPB in your community. 

\bove all, make clear to all per 
sonnel that until the day when we 
have actually turned out all the war 
equipment we need to smash the 
axis, salvage and conservation are 
going to remain vital phases of our 
production. Unless our scrap is 
turned into weapons now, America 
will be fighting the war with one 
hand tied behind its back. 
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“OPEN FOR DISCUSSION” 


Communications to the Editor 





FUEL CONSERVATION 
A WARTIME “MUST” 


THe Epitor (9-4-42) 

It was a pleasure to read Mr. 
Tyler's well-written and informa- 
tive article on fuel conservation in 
the September HPAC; we think it 
will be salutary in persuading its 
readers to increase the efficiency of 
their burners and to insulate their 
buildings properly for the coming 
winter. 

As you have doubtless seen in the 
papers, we have been asked to pre- 
pare a coupon rationing system for 
fuel oil intended to provide an equit- 
able distribution of it for the coming 
heating season. It is probably one 
of the most difficult rationing pro- 
grams yet attempted because of the 
serious hazard to individual com 
fort. We cannot say as yet what 
the maximum fuel allowance may 
be for we do not have all of the fig- 
ures of estimated supplies as yet. 
However, Mr. Tyler's statement 
under the heading of “Just Sup- 
pose” is excellent for illustrative 
purposes. 

We appreciate any efforts on the 
part of your magazine to stimulate 


Old galoshes and garden hose in the form of finished slabs of reclaimed rubber ar 
taken from the conveyor line at a plant of the U. S. Rubber Co., after being dusted 
with tale to prevent their sticking together and piled for storage or shipment 
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conversion or insulation in orde: 
help us meet the situation.—] 
DEAN, director, fuel rationing d 
sion, Office of Price Administrati 


THe Epiror 

I just received my copy of 
September issue of HEATING, P 
ING & AIR CONDITIONING. | 
read and re-read several times 
article by Eph. A. Tyler. The art 
certainly shows that he knows w 
he is talking about. 

I am wondering whether it w 
be possible to get about 35 o1 
copies of this article, the idea bei 
that I send it to our larger « 
tomers who are purchasing stea 
from Ohio Edison Co. About 


they would have to do would be t 


substitute the words “purchas 
steam” in place of “boiler plant” a 
the same recommendations wou 
apply. 

| would appreciate it very n 
if you would pass on to Mr. Ty! 
the comments made in this letter 
P. A. Hype, superintendent 
steam sales, Ohio Edison Co 














PRACTICAL PIPING PROBLEMS 





W. H. Wilson Stresses Vigilance as 
Way to Achieve Efficient Operation 


SUMMARY—It’s the hidden leak in a 
piping system that’s the more wasteful, 
cays Mr. Wilson, member of HPAC’s 
board of consulting & contributing edi- 
tors, in these brief remarks on keeping 
costs down. .. . He cites some incidents 
from his extensive experience with in- 
dustrial plant piping services. 


WASTE, LOST motion, and expense 
are important problems which 
everyone must consider; those in 
charge of pipe lines, piping connec- 
tions, valves, and piping equipment 
are no exception. 

Piping presents operating loss 
problems which are different from 
other kinds. Some of the bad leaks 
and steady losses are not visible and, 
without inspection and _ attention, 
continually increase the cost of op- 
eration. 


Invisible Leaks 


I recall a remark by a man in 
charge of an extensive and impor- 
tant piping system: “When a large 
pipe line, overhead and in plain 
sight, starts leaking I usually hear 
about it in a very short time. The 
poorest workman I have can tem- 
porarily take care of the situation in 
some way and stop the loss. What 
| am more interested in is informa- 
tion regarding the leaks and needed 
repairs that you don’t ordinarily see, 
such as steam traps leaking through 
the valve seat and disc (blowing 
through), bypass valves leaking, and 
leaks in out of the way places, such 
as tunnels, basements, and under- 
ground pipe lines. Usually the losses 
are of greater proportions than or- 
dinarily supposed.” 

The bypass valve is useful in 
many ways and yet often is the cause 
of trouble and wasteful operation. 
For example, the steam traps avail- 
able today are more reliable and 
less frequently out of order than 
those of other days, yet there are 
times when any trap may fail to 
operate. This situation can be 
taken care of by placing a valve 
with an outlet to the atmosphere 


ahead of the shutoff valve for the 
inlet pipe to the steam trap. The 
discharge end of this valve can be 
piped a short distance away, the 
open end being visible, or can dis- 
charge into a funnel with piping to 
a drain line. In case the trap 
should get out of order, this valve 
can be adjusted manually to allow 
water of condensation accumulating 
in the trap line to be relieved until 
the trap can be put in proper work 
ing order. 


Steam Traps 


Several steam traps of the tilting 
type were situated some distance 
from the floor in a woodworking 
shop, a small shelf being the support 
for each trap. The high pressure 
steam main and other units drained 
were overhead. The woodworking 
machinery, belt driven from a line 
shaft, made plenty of noise. Placing 
a ladder in position to inspect each 
trap and to shut off the valves re- 
quired time and patience when the 
shop was in operation, the result 
being that usually when the mainte- 
nance man passed through the build- 
ing, saw the traps were in their reg- 
ular position, and heard no com- 
plaints about the operation of the 
steam equipment, he assumed them 
to be working in good order. This 
continued until one day the mainte- 
nance man was detained in another 
section of the plant. Coming to the 
woodworking shop after regular 
hours when the machinery was not 
in service, the noise from the steam 
traps and piping caused him to take 
notice and get a ladder and investi- 
gate. Some of the leaks were in the 
seats and discs of the traps. The 
bypass valves on the piping connec- 
tions of the traps were leaking 
badly. The trap discharge line was 
connected to the boiler feedwater 
heater, situated in the boiler house 
nearby. The feedwater heater had a 
vent pipe to the atmosphere; the 
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steam escaping to the atmosphere 


was considered a necessary evil. 

One way of locating waste 1s to 
observe the manholes for the sewers 
and underground drain lines near 
the steam generating units and 
equipment using steam. All of the 
steam escaping from drain lines con 
tains heat units. A case was found 
recently where the steam was com- 
ing from the small opening in a 
manhole cover near the boiler house. 
A careful check was made of the 
boiler blowoff valves and no indi 
cation of leakage was observed 
Further inspection revealed that a 
44 in. pipe connection, a blowdown 
from the body casting of a boiler 
feedwater regulator, was left wide 
open. This blowdown was piped to 
the boiler blowoff main line some 
distance away from the boilers. Fol 
lowing good practice, drains of this 
kind should discharge into an open 
funnel visible from the drain valve 

Thermostatic traps are not to be 
forgotten. When these traps are 
out of order and passing steam it 
frequently causes trouble in other 
sections of the return line system 
Thermometers in different sections 
of the return pipe lines are a help 
A maintenance man can usually tell 
by feeling the bare pipe whether his 
traps are passing steam to the return 
pipes on a low pressure steam sys 
tem. Having an accurate vacuum 
gage at the far ends of the vacuum 
return lines of the system serving 
scattered buildings (as for example, 
an industrial plant) is a help and 
guide in locating leakage 

If the branch lines of the heating 
returns are equipped with valves, it 
is a help to locate the pipe line that 
is leaking by alternately opening and 
closing the valves. If not equipped 
with valves on the branch lines, 
sometimes a flanged joint can be 
separated and a blind dise put in to 
temporarily close the line. If the 
branch lines have no valves or 
flanged joints a good maintenance 
man will not give up trying to find 
leaks. He will find some other way 
to prevent air from the atmosphere 
getting into his heating return pipe 
lines and traps passing steam. He 
will also see that his vacuum pump 
is in proper working order and by 
that time, if the steam supply is 
adequate, he will have his heating 
units hot. 
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BOILER FIREBOX MAINTENANCI 


Kalman Steiner Discusses Boiler Refractories 
and the Importance of Their Proper Use Under 


Wartime Conditions in Plants and in Buildings 


GOOD MANAGEMENT even in normal 
times calls for proper maintenance 
of boiler refractories for two obvi- 
ous reasons-—first, these materials 
are expensive and should therefore 
receive the attention that will in- 
crease the span of their usefulness, 
and second, failure of any part of 
the firebox during the winter may 
result in a boiler shutdown and in- 
terruption of building heating. 

During wartime, additional con- 
siderations arise. Many plants are 
operating on a 24 hr schedule and 
are carrying heavy overloads. Re- 
fractories are therefore put to more 
severe duty. There is also the pos- 
sibility that a few changes in design 
or construction of a combustion 
chamber may accomplish important 
fuel savings. 

Any operating engineer responsi- 
ble for maintenance of boiler fire- 
boxes will find it very helpful to 
make a brief study of two technical 
aspects of refractories. The first is 
the nature of refractory materials, 
their chemical and physical proper- 


ties, and principal applications. The’ 


second is the behavior of these ma- 
terials under service conditions, the 
chief causes of failure, and the means 
by which maximum utility can be 
derived from refractories. 

In general, refractories are made 
from fireclays. Essentially, fire- 
clays are composed of silica (silicon 
dioxide, SiO,) and alumina (alumi- 
num oxide, Al,O,), in varying pro- 
portions, together with small 
amounts of impuritiés. In their nat- 
ural state, fireclays are combinations 
of silica, alumina, and water. Silica 
occurs naturally in almost pure form 
as quartz, which is about 98 per cent 
pure silicon dioxide, and is known 
in industry as ganister. Pure alum- 
ina occurs naturally as corundum. 
Certain earths formed from the 
skeletons of microscopic organisms 
called diatoms are known commer- 
cially by various names, such as in- 
fusorial or diatomaceous earth and 
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kieselguhr; these are composed of 
about 95 per cent silica and 5 per 
cent alumina. When a clay contains 
over 56 per cent alumina, such as 
bauxite, it is generally considered to 
be an aluminum ore. For the most 
part, firebrick are made from puri- 
fied fire clay known as kaolin, rep- 
resented by the chemical formula 


Al,O,.2SiO,.2H,0. 


Firebrick Types 


The manufacture of firebrick is 
necessarily a complicated procedure. 
In brief, there are three distinct 
methods, known as the hand made, 
stiff mud or steam press, and dry 





SUMMARY—Good management calls for 
proper maintenance of boiler refractories 
in normal times; in wartime, with plants 
operating on heavy schedules and carry- 
ing poe of refractories are put to even 
more severe use, and the problem be- 
comes more important. There is also 
the possibility that a few changes in the 
design or construction of a combustion 
chamber may result in worthwhile fuel 
savings. . . . Mr. Steiner, a member of 
HPAC’s board of consulting & con- 
tributing editors, presents information on 
the nature of refractory materials, their 
properties, and principal applications. A 
second article will go further into their 
behavior under service conditions, chief 
causes of failure, and the means by which 
their maximum utility may be derived 





press or power press methods ; from 
each there results a brick of charac- 
teristic properties, but in any one 
process the product is affected by 
many factors, including types and 
proportions of raw clays mixed in 
the batch, the degree of fineness to 
which the clay is ground or the rela- 
tive proportions of different grain 
sizes, the amount of water, the pres- 
sure exerted during molding, and 
the temperature and time of expos- 
ure in the kiln. Obviously, there- 
fore, it is possible to vary the char- 
acteristics of a given grade or type 
of brick within fairly wide limits. 
The term “texture” refers princi- 
pally to the visual appearance of a 
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fractured specimen, and _indic: 
the relative porosity—size and s; 
ing of grains—which may vary f: 
dense to open. The hand n 
process is now confined almost 
tirely to fire tile, which are la: 
firebrick shapes. Most high | 
duty (first quality) and superd 
firebrick are made by the dry pri 
From the viewpoint of their u 
ity, the properties of firebrick 
described as: refractoriness or ; 
ity to withstand high temperatu 
density; ability to withstand p: 
sure or load when hot ; resistance 
thermal shock ; constancy of volu 
at high temperature; inertness 
chemical inactivity when exposed | 
slags and gases; resistance to disi: 
tegration ; and thermal conductivi! 
The properties of a firebrick w! 
cold are of little interest, so all tes 
ing must be conducted with brick 
at elevated temperatures. Refra 
toriness is not determined by melting 
point, but by comparison of softer 
ing temperature against the softe: 
ing temperature of standard cerami 
bodies called pyrometric cones. But : 
even the softening temperature 
not an adequate index of a brick’ 
behavior in a firebox, for when ca: 
rying load or resisting a pressur 
brick will fail at a temperature co: 
siderably below the softening tem 
perature without load. Or again, a 
brick may give excellent perform 
ance at high temperature and unde: 
pressure when in a chemically neu 
tral or inert environment, but 
action of certain substances such as 
fused coal ash or sulphur dioxicd 
formed in combustion may great 
shorten the useful life of the brick 
The various ranks or grades 
fireclay brick, based on the perfor 
ance under service conditions, a" 
low heat duty, moderate, high, 
superduty. These cover the rang’ 
of alumina content between 30 
40 per cent. When the alumina « 
tent is higher, the firebrick is 
ally known as a high alumina b: 








and the classification is based on the 
vercentage of alumina. 

The manufacture of superduty 
4rebrick results from comparativel) 
recent developments and research. 
Chief among the advantages of this 
class are excellent resistance to 
spalling (cracking), high density, 
exceptional strength, and low coeffi- 
cient of thermal expansion. These 
brick contain about 10 per cent more 
alumina than standard high heat 
duty brick, and the softening tem- 
perature averages 75 to 100 deg 
higher. It is probable that this class 
will come into more extensive use in 
boiler settings as its value becomes 
more generally appreciated. 


Plastic Firebrick 


Another recently developed prod- 
uct is the plastic firebrick or ram- 
ming mixture. This is an unburned 
refractory material consisting of 
ground fireclay grog, raw fireclay, 
and water. Grog is a calcined non- 
plastic clay which gives the mixture 
volume constancy at high tempera- 
ture. This mixture is frequently 
used instead of firebrick, sometimes 
for complete walls or settings, or for 
special portions of a setting where 
it can be rammed into odd or un- 
usual shapes, as around tuyeres or 
burner port holes. Its use avoids the 
need for laborious cutting of brick. 

Plastic is especially useful for re- 
pairing burned portions of a firebox. 
There are two grades, correspond- 
ing to high heat duty and superduty 
firebrick. It is important that plas- 
tic be used only where it will be sub- 
jected to sufficient temperature to 
assure vitrification. Unless the ma- 
terial is heated to high temperature 
it does not assume a fixed or per- 
manent form, and will gradually de- 
form. Nor should plastic be ex- 
pected to carry load. It follows that 
plastic should not be used in massive 
thickness, since heat will not peye- 
trate deep enough to assure complete 
vitrification if the wall thickness ex- 
ceeds 9 in. Conversely, if applied in 
thicknesses less than 2 in. it is not 
likely to have strength enough to 
hold together. Arches or inclined 
surfaces should be reinforced with 
steel rods. 

Properly applied, plastic makes an 
excellent repair material in side- 
valls, bridgewalls, arches, and 


around port holes. When so used, a 
number of precautions should be ob- 
served. The burned material should 
be carefully and completely removed, 
to expose a clean brick section 
against which the plastic may be 
pounded. Plastic will not adhere to 
brick surface contaminated with car- 
bon, oil, ashes, or glass-like fused 
refractory. It should be applied in 
layers of about 6 in. at a time and 
pounded with a 5 Ib steel hammer 
into a uniform and smooth texture. 
It is well to have the boundaries be- 
tween brick and plastic cut to an 
angle so that the plastic will hook 
behind the solid brickwork and gain 
support from it. Large amounts of 
it should be punctured with small 
holes and then heated slowly to per- 
mit escape of steam without disrupt- 
ing the shape into which it has been 
molded in place. 


Bonding Cements 


There are two general classes of 
bonding cements for laying firebrick, 
known as hot setting and air setting. 
Hot setting cement is shipped dry 
and must be mixed with water to 
form a mortar. Fire cements are 
seldom applied with a trowel. The 
best practice is to dip each brick 
into the cement before laying. Hot 
setting cements do not form a bond 
until heated to vitrification, which 
occurs at about 1300 F. This means 
that they should not be used for 
bonding the cooler portions of a fur- 
nace structure. Some engineers 
have the mistaken notion that be- 
cause dry cement is cheaper than air 
setting cement it should be used for 
bonding second grade brick in outer 
walls and backing up courses. But 
since high temperature is essential 
to the maturing of such bonds, the 
practice is illogical. An air setting 
cement is used wherever the prevail- 
ing temperature will be too low to 
vitrify a dry cement. This confu- 
sion possibly results from that fact 
that the trade often refers to air set- 
ting cements as high temperature ce- 
ments. Good hot setting cement will 
serve as well as air setting cement at 
high temperatures, but requires a bit 
more work in preparing it for use. 
On the average, 250 Ib of dry ce- 
ment will lay 1000 brick. 

Air setting cement, as the name 
implies, will form a bond quickly 
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after application without vitrifica- 
tion. It is generally sold as a wet 
mix in steel containers, and for us« 
is thinned by addition of more water 
until it attains a consistency that will 
float a firebrick with its top just 
above the surface. The brick should 
be laid by being individually dipped 
into the cement and then set in 
place, after which each brick should 
be tamped down and against adjoin 
ing brick with a mason’s hammer. 
After a wall is built it is excellent 
practice to paint the surface with air 
setting cement. <A good air setting 
cement is made of material so finely 
ground that it remains in suspension 
when mixed with water. If heavy 
particles settle out, the mix does not 
remain uniform. As shipped, 400 Ib 
of air setting cement will usually be 
needed per 1000 brick. 


Insulating Brick 


One of the most interesting devel 
opments in recent refractory prac 
tice is the wide variety of insulating 
brick that has been made available 
There has been for many years a 
considerable use of insulators made 
from diatomaceous earth, but these 
are not suited to direct exposure to 
fire nor even for shielded regions if 
there is wide or abrupt temperature 
change. Such insulators still are 
used, but the recent trend is toward 
more extensive employment of light 
density fireclay brick. Selected fire 
clays are molded into standard brick 
shapes, but organic substances are 
included in the mix. Upon being 
heated in the kiln, the organic mat- 
ter is decomposed, leaving a very 
porous structure in the brick and 
thereby giving it a low coefficient of 
conductivity. 

These insulating refractory brick 
are made in a number of grades, the 
grade generally being identified by 
the temperature at which it is de 
signed for use, as 2000 deg brick, 
2300 deg brick, etc. In addition to 
having three to four times the insu- 
lating qualities of regular firebrick, 
the specific heat is low, and so insu 
lating brick heat up toward the 
flame temperature very quickly, a 
factor of importance in intermittent 
firing. Under equivalent conditions 
the life of an insulating brick is 
shorter than that of the standard 
firebrick, and so the most frequent 
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A spreader type stoker setting. Portions 
of the front wall and suspended arch 
were reconstructed with plastic firebrick 
and extensive repairs were made to the 
sidewall with plastic 


use 1s in protected positions, where 
standard firebrick take the brunt of 
the flame temperature and the insu- 
lator reduces the heat flow in a back- 
ing course. These brick should not 
be placed where they will come in 
contact with hot ashes, as a slagging 
action occurs very quickly. A coat- 
ing of high temperature cement over 
the surface of insulating firebrick is 
very desirable. 

Insulating concrete is one of a 
class of recently developed refrac- 
tory concretes. Ordinary portland 
cement is made from a calcium sili- 
cate base and concretes made from it 
have no refractory properties. A 
new cement made from calcium alu- 
minate can be mixed with suitable 
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aggregates to form refractory con- 
cretes. The aggregates themselves 
are grogs made of various refractory 
materials, such as crushed firebrick 
or insulating firebrick or expanded 
vermiculite. The refractory con- 
crete is prepared and poured into 
forms in much the same manner as 
standard concrete. After setting 24 
hr, the refractory concrete has about 
the same strength as if made from 
portland, but it will stand up against 
temperatures from 2000 to 2750 F, 
depending upon the aggregates se- 
lected. 





RESTRICTS NEW USES OF 
MANUFACTURED GAS 


Delivery of manufactured (artifi- 
cial) gas to new industrial and do- 
mestic consumers was restricted by 
the War Production Board in an 









order (L-174) designed to « 
with gas shortages expected 

winter. The oil shortage is hay 
substantial effects on demands 
manufactured gas, according to 
WPB. 

The order is a companion t 
der L-31, affecting natural 
mixed gas, which was issued 
winter. 

After September 1, 1942, no 
may be delivered to a non-resid 
tial consumer for the operatio: 
any gas fired equipment which 
not operated either by the consu 
or on the same premises prio: 
that date, unless (a) the capa 
of the new equipment is less t F 
150 cu ft per hr, or (b) the 
equipment replaces existing gas | 
equipment of the same or gr 
capacity, or (c) the director 
eral for operations of WPB gr: 





approval for the delivery of gas 
the new equipment. 

After September 1 no gas ma 
delivered for space heating (suc! 
heating a home, store, office, or | 
tory) unless: 

1) The equipment was install 
prior to September 1. If the equi 
ment was converted from som 
other fuel to gas, the convers! 
must have been completed by Sey 
tember 1. 

2) The equipment replaces ¢ 
fuel equipment of the same 
greater capacity. 

3) In the case of a new building 
deliveries may be made to ¢g 
equipment installed prior to 
vember 15, 1942, provided such 
equipment was specified in the co 
struction contract and the found: 
tion of the structure was completed 
prior to September 1, 1942. 

Any person who thinks that the 
curtailment or prohibition of gas 
deliveries provided by the order wi! 
interfere with war production or es 
sential civilian services may app! 
for relief to WPB. All communica 
tions should be addressed to 
power branch, War Producti 
Board, Washington, D. C., B 
L-174. 

War producers and 
civilian services listed in an exhilnt 
to the order include hospitals, 
and police stations, post offices 
court houses, schools, prisons, p' 
lic eating establishments, includ 
restaurants, cafes, bakeries, dai 
and a long list of plants exclusiy 
engaged in war production. 


essen' 


J 
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FUNCTIONAL USES OF AIR CONDITIONING 
AND REFRIGERATION AS RELATED TO 
THE WAR EFFORT 





General—Refrigeration may be de- 
fned as the controlled removal of 
heat, and air conditioning as the sup- 
plying and maintaining, in a room 
» other enclosure, of an atmosphere 
having a composition, temperature, 
humidity, and motion which will pro 
duce a desired effect upon the occu 
pants of the room or upon materials 
stored or processed in it. 

Some of the functional uses of re 
frigeration and air conditioning as 
related to the war effort are as fol 


lows: 


1) Industrial Raw Materials 


a) In the storage and preservation 
of raw materials which would be ad 
versely affected by changes in tem- 
perature or humidity, or both 

b) In the treatment and prepara 
tion of raw materials prior to being 
utilized in war industries. 

ec) In processing and purifying 
raw materials, such as gases, chemi 
cals, and acids. 


2) Industrial Manufacturing 


a) In precision manufacturing 
spaces, control of temperature, hu 
midity, and air cleanliness, to insure 
uniformly high quality of product. 


hb) In precision assembly spaces, 
control of temperature, humidity, and 
air cleanliness, to accelerate precision 
assemblies. 


c) In the production of inter 
changeable precision parts, control of 
temperature, humidity, and air clean 
liness, to maintain uniformity of 
product, even under adverse weather 
conditions. 


d) In inspection and testing of 
tinished parts and products, to main 
tain uniform inspection and testing 
conditions to insure uniformity of 
»roduct. 


e) In conserving critical raw ma- 
terials, machine tool capacity, and 
skilled manpower in the production 
ot parts and assemblies from scarce 
materials. Rejects and spoilage are 
minimized through the control of tem- 


perature, humidity, and air cleanli 
ness. 


f) In design and layout depart 
nents of manufacturers engaged in 
the production of war materials, con- 
trol of temperature and humidity, to 

untain highest rate of production 
under adverse weather conditions. 


3) Storage of War Materials 


a) Im the storage of certain war 
‘aterials, maintaining proper tem- 


_ This material was assembled by 
we Air Conditioning & Refrigerating 
Machinery Association and appears 
cre through the courtesy of that or- 
£anization, 


peratures and humidities, to mini- 
mize changes in volume, weight, and 
shape; to minimize chemical reac 
tions; to minimize color changes; and 
to minimize structural distortions. 

b) In the storage of vital metals, 
instruments, tools, and dies, control 
of temperature, humidity, and air 
cleanliness, to prevent corrosion and 
deterioration. 

c) In the storage of precision ma 
chinery, motors, and parts awaiting 
assembly or shipment, control of tem 
perature, humidity, and air cleanli 
ness, to prevent corrosion and de 


terioration. 


4) Research and Development 
a) In research and development 
of improved war materials, to simu 


late unusual atmospheric conditions 





to be encountered by the armed serv 
ices in all parts of the world 

b) In tests of materials and 
equipment, to simulate atmospheric 
conditions of combat service to be 
encountered by the armed forces. 

c) In developing new and better 
methods of manufacture of war ma 
terials, to provide optimum tempera 
tures and humidities. 


5) Foodstuffs—Medicines —Health 


a) In the processing of food, to 
precool and quick freeze prior t 
shipment. 

b) In the preservation and stor 
age of foodstuffs, warehoused at 
docks, terminals, and transit points. 

c) In the transportation of food- 
stuffy, to prevent deterioration and 
spoilage, through refrigeration in 
stalled on trucks, railway cars, and 
ships. 

d) In the distribution of food 
stuffs, to prevent deterioration and 
spoilage, through refrigeration in 
stalled in barracks, camps, depots, 
and those new or enlarged industrial 
centers caused by concentrations of 
manpower working in war factories. 

e) In the production and storage 
of perishable medicines and anti 
toxins, to provide optimum tempera 
tures, humidities, and air cleanliness. 

f) In the production and storage 
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of blood plasma, to provide optimum 
temperatures, humidities, and = air 
cleanliness. 


6) Operations 


a) In the manufacture and as 
sembly of telephone, radio, and other 
communication equipment and = con 
trols, to accelerate production through 
control of temperature, humidity, and 


air cleanliness. 


b) In control rooms and other 
spaces where delicate and sensitive 
apparatus used in communications 
are in continual operation, control of! 
temperature, humidity, and air clean 
liness, to prevent deterioration of ap 
paratus. 

c) In spaces where equipment 
used in communications is in cot 
tinual operation and generates con 
siderable heat, to remove heat so 
generated and otherwise maintain 
optimum conditions of temperature 
and humidity. 


d) In monitor or isolated stations 
where automatic equipment used in 
communications is in operation with 
mut attendants, maintenance of opti 
mum conditions of temperature and 
humidity, to minimize necessity for 


“juipment adjustments. 


e) In the production and storage 
of maps and tracings on thin paper 
and blueprints, photostats, photo- 
graphs, and special paper used in 
printing and lithographing, tempera 
ture and humidity control, to prevent 


distortion 


7) Special Locations 


a) In underground stations, de 
tection headquarters, air raid shelters, 
underground manufacturing plants, 
blackout plants, and many other 
strategically located, totally enclosed 
structures or underground spaces, 





control of temperature, humidity, and 
air cleanliness, to provide optimum 
conditions for occupants of such 
spaces 
Partial List of 
Industrial Uses 
Aircraft, Engines, Propellers, In 
struments, Ete.: 
1) To refrigerate tips of spot 


welding machines in aluminu wel 
ing 

2) | minimize corrosiotr . 
nee im electrolyt treatment 

s) lo prevent dust and grit 
spoiling the fine finis necessa 


aircraft engine parts 

4) Io prevent corrosior t eta 
parts 

) To avoid tarnishing and 
ing of metal parts, by preventing p 
spiration on employees’ hands 


€) To maintain uniform temper 


tures, permitting high precision 


chining and uniform tolerances 

7) Teo hold aluminum rivets at 
low temperatures to preserve ductility 
before use 

s) To decrease scrap loss caused 
by dimensional variations and y 


scratches on highly polished surfaces 

%) Io cool interior of aircraft 
permit installation of instruments 
inder adverse conditions 


10) To eliminate deleterious 


] 


effects of humidity and temperature 


Variations in paint and dope rooms 
11) To maintain uniform tempera 
ture for close measurements in i 


spection rooms 


12) To maintain prescribed cond 
tions in testing rooms and labora 
tories. 


13) To duplicate stratosphere cor 
ditions for the testing of heated fly 


ing suits 


14) To simulate severe conditions 
under which to test engines, instru 
ments, accessories, and personnel 

15) To prevent a serious loss 
production capacity and a waste of 
highly trained workers in those de 
partments, particularly in blackout 
plants, where standards of high pro 
duction require concentrations of 
lights, power, and people so great 
that the resulting heat load cannot 
be dissipated by ventilation alone 

16) To increase efficiency, speed 
up production, conserve skilled man 
power, and increase accuracy ot 


drawings in drafting rooms 


Automotive Combat Vehicles 


Tanks, Trucks and Parts 


1) In inspection rooms, gage 
rooms, tool rooms, instrument as 
sembly rooms, and other spaces where 
the production rate or the precision 
process is similar to those mentioned 
under aircraft and machine tool in 
dustries, to provide temperature, hu 
midity, and dust control 

2) In drafting rooms to increas¢ 
efficiency, speed up production, con 
serve skilled manpower, and increase 


accuracy of drawings 
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8) In mechanical and chemical 
laboratories, to simulate extreme oper- 
ating conditions for testing opera- 
tion of equipment. 


Chemicals and Plasttcs: 


1) To prevent deterioration of 
chemicals in storage. 

2) To control chemical processes 
as required for end product. 

3) To control quality and purity 
in the manufacture of chemicals. 

4) To control conditions for 
proper charging and storage of am- 
monia and other chemicals in stor- 
age tanks. 

5) To process and purify anhy- 
drous ammonia, chlorine, and other 
chemicals. 

6) To remove heat of reaction in 
nitrate, methanol, and other chemical 
solutions, 

7) To prevent deformation or 
spoilage during setting and harden- 
ing period. 


Communications : 


1) To control temperature and 
humidity as may be required by the 
particular process necessary for the 
coils, wiring, radio 

products used in 


manufacture of 
and other 
communications. 

2) To temperature 
humidity in recording stations, broad- 
casting stations, apparatus rooms, 
and isolated automatic stations. 


tubes, 


control and 


Drugs and Pharmaceuticals: 


1) To provide uniformity of man- 
ufactured products, to control chemi- 
cal reactions, to hold the proper 
moisture content, to inhibit bacteria 
growth, to prepare blood plasma, and 
to effect similar objectives. 

2) To preserve chemicals and to 
prevent deterioration and reactions. 

3) To control atmospheric condi- 
tions for research and testing. 

4) To provide 
humidity control for blood banks. 


temperature and 


Electrical Products: 


1) To perform such functions 
similar to those outlined under air- 
craft and metal working industries 
as may be required in the manufac- 
assembly of fine 


ture, testing, and 


parts and products. 


Foods, Foodstuffs, and Dairy Prod- 
ucts: 


1) To precool product before proc- 
essing or transporting. 

2) To freeze during processing. 

8) To maintain proper conditions 
for preservation prior to processing. 

4) To maintain proper conditions 
for preservation during processing. 

5) To maintain proper conditions 
for preservation in storage after 
processing. 

6) To maintain proper conditions 
for preservation during transporta- 
tion. 

7) To maintain proper conditions 
for preservation during process of 
distribution, including distribut- 
ing warchouses, wholesale and retail 
stores, locker plants, food service es- 
tablishments, etc 
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8) To manutacture we, which in 
turn serves to provide refrigeration 
as may be required above. 

9) To preserve ice, which in turn 
serves to provide refrigeration as 
may be required above. 


Iron, Steel, and Coke: 


1) To control the amount of mois- 
ture in air in blast furnaces manu- 
facturing pig iron, resulting in re- 
duced fuel consumption, increased 
output, more uniform production, 
and better control of silicon content. 

2) To control temperature and hu- 
midity to eliminate oxidation, thereby 
insuring bright tempering of steel. 

8) To provide refrigeration neces- 
sary for the benzol freezing process, 
which is used to obtain special physi- 
cal properties of steel. 


4) To provide temperature and 
humidity control in powder metal- 
lurgy. 

Laboratories: 

1) ‘to determine the effects of 
temperature and humidity on the 


properties of materials in industrial 
testing. 








2) To simulate conditions required 
for the proper testing of materials 
and equipment in research and devel- 
opment laboratories. 

3) To provide temperature and 
humidity control in public health 
laboratories for testing food, drugs, 
bacteria content, and human and ani- 
mal diseases. 


Machine Tools and Metal Working: 


1) To provide temperature, hu- 
midity, and dust control to prevent 
spoiling fine finish of machine tools, 
ball bearings, gages, and other pre- 
cision machinery. 

2) To provide temperature and 
humidity control to prevent the tar- 
nishing and rusting of metal parts 
as a result of perspiration on em- 
ployees’ hands. 

3) To provide 
trol in precision manufacturing to ob- 
tain uniform tolerances, 

4) To provide refrigeration re- 
quired for cooling of certain lubri- 
cants. 

5) To provide refrigeration re- 
quired for cooling parts for shrink 
fits. 

6) To provide temperature and 
humidity control in gage rooms, tool 
rooms, and inspection rooms. 

7) To provide temperature and 
humidity control in drafting rooms 
to increase production, conserve 


temperature con- 


skilled manpower, and increase ac- 
curacy of drawings and of products 
manufactured therefrom. 


8) To provide temperature and 
humidity control in the manufacture 
of abrasive products to insure greater 
uniformity. 


Opticals, Range Finders, Tele- 
scopes, Bomb and Gun Sights, Etc.: 


1) To provide temperature and 
humidity control to prevent the abra- 
sive powders used in lens grinding 
from becoming ineffective due to their 
hygroscopic nature. 


2) To provide temperature con- 
trol in lens grinding to prevent varia- 
tions in dimensions. 


3) To provide temperature, hu- 
midity, and dust control in the manu- 
facture and assembly of precision in- 
struments to insure uniform condi- 
tions for precision manufacture, to 
prevent and to prevent 
dust inclusions in assembling. 


corrosion, 


4) To provide temperature and 
humidity control in testing rooms to 
permit calibration and tests under ac- 


tual combat conditions. 


Petroleum Processing and Refining: 


1) To provide refrigeration to pro- 
duce stabilization. 

2) To provide refrigeration for 
dewaxing and de-asphalting. 

3) To provide refrigeration for 
refining light products. 

4) To provide refrigeration for 
increasing recovery of volatile prod- 
ucts. 

5) To provide refrigeration for 
decreasing requirements of circulated 
absorption oil. 

,*) To provide refrigeration for 
cooling low temperature distillates to 
purify and reduce losses. 

7) To liquefy natural gas for 
storage. 

8) To provide refrigeration for 
testing finished products in testing 
laboratories. 

9) To provide refrigeration and 
humidity control in development 
laboratories for the development of 
petroleum products for unusual appli- 


cations. 





Photographic Plate, Films, and 


Paper: 
1) To provide temperature and 


humidity control for maintaining flat, 
pliable film. 





2) To provide temperature 
humidity control to prevent fogg 
and streaking of film. 


3) To provide dust free air. 


4) To provide refrigeration 
controlling reactions in solutions 
5) To provide temperature 
trol of developing chemicals and 

ing baths. 

6) To provide temperature 
humidity control for preserving, 
storage, valuable negative films. 


Powders and Explosives: 


1) To provide temperature 
humidity control to fix the rat 
burning of powder. 

2) To provide temperature 
humidity control to permit 
weighing of charges. 


accu 


3) To provide temperature 
humidity control to insure unif 
moisture regain. 


4) To 
humidity control to 
flow of powder. 


5) To provide 
humidity control 
less powder and artillery primers 


provide temperature 


insure pr 


temperature 
for drying sm 


6) To temperature 
humidity control to reduce exp! 


provide 


hazard through control of static 
humidity. 


7) To provide temperature 
humidity control for reclaiming s 
vents. 

8) To provide temperature a 


humidity control to prevent deteri 
tion of powder and explosives in st 
age. 

9) To provide 
humidity control in blending, mixir 


temperature a 


pressing, and storage of tetry! 
tracer. 

10) To provide temperature 
humidity control in fuse load 


rooms to assure accurate tin 


through uniformity of materials. 
Rubber and Rubber Products 
cluding Synthetic Rubber) 
1) To 
humidity control to 
period and assure uniform drying 


provide temperature 


shorten dryi 


2) To provide temperature a: 
humidity control to increase tens 
strength. 

3) To provide temperature 


humidity control to eliminate blist: 


4) To provide temperature a: 


humidity control to insure unifor 
product. 
5) To provide temperature 


humidity control to permit 
compounding. 


6) To provide temperature a 
humidity control to prevent burt 
7) To provide 
humidity control to 
perfect joints caused by conde: 
tion. 


temperature 
eliminate 


8) To provide temperature 
humidity control to reduce oxidat 
to a minimum. | 
9) To provide temperature 
humidity control to eliminate ex 
sion hazard. 
10) To provide refrigeration 
cooling of rollers. 
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Use Cast Iron Pipe Flanges to 
Break Forged Steel “Bottleneck” 


G. W. Hauck Tells Why and Where to 
Use Cast Iron Flanges, Gives Sugges- 
tions to Avoid Difficulties 


SUMMARY- Increasing use of forged 
steel flanges in many kinds of piping 
services, plus wartime steel shortages, 
have created a “bottleneck” which has 
been apparent for some time, says Mr. 
Hauck, manager of engineering sales, 
Crane Co. He tells here how the use 
of cast iron flanges can help overcome 
the situation, explains the applications of 
cast iron, and gives suggestions which 
will avoid piping troubles 


THE ADVENT and continuous use of 
higher pressures and temperatures 
in power plants and manufacturing 
processes, during the past decade or 
so, has been accompanied by a cor- 
responding increase in the use of 
steel in piping materials. As a re- 
sult, to serve these elevated operat- 
ing conditions, steel initially, and of 
necessity, superseded the cast irons 
as a suitable metal in material speci- 
fications. 

Almost concurrently, there was 
developed a gradual but definite 
preference for the use of steel in- 
stead of cast iron to take advantage 
of the greater strength of steel even 
in those services where the basic 
requirements of pressure or temper- 
ature did not suggest the use of the 
stronger metal. 

In time, the increased production 
of steel progressively reduced its 
cost in those materials finding ex- 
tensive use in piping systems. Ulti- 
mately, the differential in the costs 
of steel and cast iron became low 
enough to further accelerate the use 
of the better material of greater 
strength. This was particularly 
true of flanges. 

The use of steel flanges, therefore, 
on the bulk of the lines comprising 
piping systems, has become accepted 
practice. The advantages of an un- 
breakable flange, of the same mate- 
rial as the pipe, appealed to users, 
because it eliminated failures due to 
the breakage of cast iron flanges in 
transit, in handling, or, at times, in 
severer operating services. This 


was particularly true in the larger 
sizes of flanged joints. Thus, steel 
flanges found their way into satur- 
ated steam lines, and. all sorts of 
low pressure services. Steel became 
the order of the day as the material 
for flanges used on most steel and 
wrought iron piping. The age of 
steel found piping keeping pace. 

At one time, lap joints were avail- 
able with the flanges made of a va- 
riety of metals—cast iron, semi- 
steel, malleable iron, cast steel, and 
forged or rolled steel. For the past 
decade, however, 
the production of 
lap joints has been 
confined almost ex- 
clusively to the use 
of steel flanges in 
general practice. 
The cast irons and 
malleable iron were 
practically aba n- 
doned as suitable metals for the 
flanges. 

When welding came into wide 
spread use as a method of making 
pipe joints, it had a marked and an 
important influence in giving im- 
petus to the swing from iron to steel 
flanges. Steel flanges are required 
in accepted practice when they are 
to be attached to steel or wrought 
iron pipe by welding. 

Developments in the refining and 
process industries found additional 
uses for steel flanges. They prove 
ideal for those pipe lines where fire 
hazard legislates against the use of 
cast iron. Certain services in these 
and similar industries also made the 
use of welded flanges desirable. 





Steel Shortage 


Thus we have traced and reviewed 
the principal factors responsible for 
the widespread use of steel flanges 
on much, if not, indeed, almost all 
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of our piping work. This has ere 

ated a “bottleneck” in steel flanges 

a condition that has been apparent 
for some time, and seriously aggra 

vated by unprecedented war de 

mands that mow make it acute be 

cause the steel required to make such 
flanges is desperately needed for 
other war production requirements 
We just don’t have enough steel for 
everything, and flanges do not es 

cape the critical shortages. This 
means that users are faced with the 
dilemma of finding a way to by 

pass the shortage of steel flanges 
The only apparent solution is to sus 

pend the general practice of using 
steel flanges for all services. In 

stead, we must revert to our forme: 
habits of using steel only wher: 
service conditions make its use man 
datory. For all other services, cast 
iron flanges, which are usually avail 
able, make an acceptable alternate 
A consistent effort by all users to 
spread the available supply of steel 
flanges over a wider area of essen 
tial needs only, and using the alter 
nate cast iron flanges in every possi 
ble service, will contribute materially 
to the war effort during the emer 
gency when steel must be conserved 


Applications of Cast 
Iron 


From the foregoing, it is appar- 
ent that a recommendation outlining 
the services where cast iron flanges 
are satisfactory is in order. Cast 
iron screwed flanges and cast iron 
lap joint (van stone) flanges are 
available for operating conditions 
which do not exceed 250 psi satur 
ated steam pressure and in most 
cases where the service does not ex 
ceed 450 F maximum. 

Cast iron screwed flanges are 
available in a range of sizes from 
1 in. to 24 in., inclusive, in the 125 
psi and 250 psi pressure classes. 
The screwed flanged joint, properly 
made, has proved its general utility 
and satisfactory performance within 
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its pressure and temperature limita- 
tions. If prefabricated piping is 
purchased, an added advantage can 
he gained by specifying the refacing 
of screwed flanged joints. In this 
process, the flange is made up tight 
until the end of the pipe projects 
slightly beyond the face of the flange. 
A light refacing cut is then taken 
across the face of the flange and 
the end of the pipe. This provides 
an excellent gasket bearing surface 
to the inside of the pipe because the 
end of the pipe is flush with the face 
of the flange. Refacing also pro- 
duces perfect alignment of the flange 
face at 90 deg with the center line 
of the pipe. 


Lap Joints 


Again, lap joints (van stone) are 
generally available with cast iron 
flanges in a range of sizes from 2 


in. to 24 in., inclusive, in both the 
125 psi and the 250 psi pressure 
classes. In addition to the regular 
cast iron conforming to ASTM spec- 
ification A 126 for class A castings, 
lap joint flanges are also obtainable 
made of higher strength cast iron 
conforming to ASTM specification 
A 126 for class B castings. This 
latter cast iron is also known as 
semi-steel. For the severer services, 
there is an advantage in using the 
stronger of these available cast irons. 


Cautionary Sugges- 
tions 


Thus, the use of cast iron instead 
of steel makes available the lap joint 
for many services where this type 
of joint with its advantages is pre- 
ferred. But an important caution- 
ary note is necessary. Care must 
be exercised in bolting up any lap 





joint equipped with a cast iron fla: 
in order to prevent breakage. | 
fitters are accustomed to finding 
lap joints with steel flanges, 
they cannot apply extremely hx 
bolt loads or sledge bolts when . 
iron flanges are employed. 

Several additional cautions 
suggested. 


1) Cast iron flanges should 1x 
be used on the ends of any typ 
expansion pipe bend. Such flan; 
as well as those on, the piping 
jacent to the expansion pipe be: 
should always be of steel to prec! 
breakage. 


2) Cast iron flanges are not 
ommended for lines handling 
ardous fluids, or where fire ha: 
legislates against their use. 


3) Do not exceed code limitati 
concerning pressure and temp 
ture in using cast iron flanges 











HOW TO 
SAVE FUEL 


TO AID 
WAR 
EFFORT 


TWELVE WAYS in which industrial 
plants can save fuel were outlined 
last month in a program of wartime 
conservation. “Actual tests show 
that where these rules have been put 
into effect, fuel savings as high as 
30 per cent have resulted,” says 
John E. Haines, manager of the air 
conditioning controls division of 
Minneapolis - Honeywell 
Co. 

The fuel conservation rules fol- 


Regulator 


low: 

1) Maintain the minimum per- 
missible temperature in each section 
of an industrial building; for exam- 
ple, the office at 68 deg, the machine 
room at 62, assembly room 65, and 
storage space 50. Remember that 
lower temperatures are more com- 
fortable where manual labor is per- 
formed. 

2) Maintain even temperatures in 
all occupied spaces and take frequent 
readings or recordings to be certain 
that these temperatures are being 
maintained. 

3) Turn off the heat in unoccu- 
pied spaces or reduce the tempera- 


_ture to just above 32 deg where 


freezing would cause damage. 
4) Disconnect unused lines and 
radiation. 


5) Reduce temperatures at least 
10 deg when space is not being used, 
such as at night. 

6) Use ventilating fans only 
when absolutely necessary and re- 
duce the amount of outside air taken 
in to a practical minimum. 

7) Insulate all doors and win 
dows and keep them closed except to 
maintain a minimum of ventilation 
required for the workers’ comfort. 

8) Remove anything which 
shields radiators, such as machines 
and cabinets, so that there will be 
no retarding of the flow of heat. 

9) Have a competent heating en- 
gineer make a complete survey of 
the heating system and make any 
changes he recommends. 

10) Employ a competent mainte- 
nance man to operate the heating 
system and make a complete survey 
of the system at least once a month. 

11) Make every effort to obtain 
the cooperation of everyone in the 
building to save fuel by keeping 
windows and doors closed and by 
reporting overheating. 

12) Control the temperature of 
hot water delivered to factory proc- 
esses and washrooms at the mini- 
mum permissible. 
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FAN LAWS--Their Derivation and Use 


sUMMARY — A thorough understanding 
of the fan laws can be of great value 
to the user of fans. The fan laws can 
be of help in selecting fans so that they 
operate at their most efficient point and 
in determining the effect of changes in 
fan speed. Important in many cases is 
the effect of changes in the density of 
the air that the fan is handling. All fans 
ore rated in terms of standard air, the 
density of which is 0.075 lb per ecu ft. 
_.., Although the effect on fan perform- 
ance with changes in air density can fre- 
quently be neglected, there are many 
eases where these effects should be taken 
into account. It has been the author's 
experience that the fan laws dealing with 
changes in density are particularly likely 
to be misapplied. In the article of which 
this is the third and concluding part, a 
clear explanation is given of the proper 
application of the fan laws and their use 
is illustrated with examples. . . . . Mr. 
Geodman is consulting engineer, the 
Trane Co.. and a member of HPAC’s 
board of consulting & contributing 
editors 


Change in Horsepower with 
Change in Speed and Density 

lr THE speed of a fan is changed in 
order to obtain the delivery of a 
given weight of air, the horsepower 
requirements of the fan will also 
change. The horsepower required 
to drive a fan depends upon the 
density of the air that the fan is 
handling. If the horsepower re- 
quired for the fan when it is han- 
dling standard air is known, the 
horsepower required when its speed 
is changed to compensate for a 
change in density can be computed 
by means of the following equation: 


(hp)s F 
—_—= ~’) Ci ecedeesaceswk [40] 
(hp), ds 


This equation is derived as fol- 
lows: Equation 41, based on equa- 
tion 20, may be written 

(hp): Voep: 
ip sent ik wes od v owe [41] 
(hp). V sp: : J 
Multiplying equations 35 and 36, 


V ps d, ° 
me SE = ik dite bile own whe [42] 
I ips ds 


Eliminating the ratio (Ip, 
I’,p,) between [41] and [42], equa- 
tion 40 is obtained. 





Example 7—When handling air of 
standard density, a fan requires 4.3 brake 
horsepower. Find the horsepower re- 
quired when the fan is handling air whose 
density is 0.07184 Ib per cu ft. 


Solution—Using equation 40, 


0.075 \# 
(hp). ss 43 — ) 
0.07184 





pyright, 1942, by William Goodman. 


Thorough Understanding of Fan Laws of 
Great Value to Users, Permits Selection for 
Efficient Operation ... By William Goodman 


= 4.7 brake horsepower re- 

quired for the fan when 

delivering air whose den- 

sity is 0.07184 Ib per cu ft. 
Change in Pressure with Change 
in Density at Constant Fan Speed 

The preceding discussions have 
been concerned with the change in 
fan performance when the fan speed 
is changed to compensate for a 
change in air density. However, 
there are many cases in which the 
change in performance with changes 
in density is of interest even though 
the fan speed remains constant. In 
this section and in the next one, the 
performance at constant fan speed 
but changing density will be dis- 
cussed, 

As stated previously, a fan run- 
ning at constant speed and deliver- 
ing air through a given duct system 
—that is, a fan operating at a given 
velocity ratio—will always deliver 
the same volume of air regardless 
of the density of the air. However, 
the pressure—measured in inches of 
water—developed by the fan will 
change with the density of the air. 
Hence, if the temperature or the 
barometric pressure of the air 
changes, the pressure indicated by a 
manometer will also change even 
though no changes take place in the 
duct system itself. 

For a fan operating at constant 
tip speed and at the same point on 
the ratio curve of Fig. 2 [see p. 488, 
August, 1942, HPAC}]; it is evident 
from equation 12 that 


pe d: 
es ee .. [43] 


pr d, 

A fan running at constant speed 
must frequently handle air at dif- 
ferent temperatures. Thus a fan in- 
stalled in an air conditioning system 
may handle air at 100 F in winter 
and at 45 F in summer without any 
change in its speed. The pressure 
indicated by a manometer in both 
cases will be different even though 
no changes (such as changes in 
damper setting) take place in the 
duct system through which the air 
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is flowing. In both cases, the pres 
sure that will be indicated by a 
manometer can be computed by 
means of equation 43 from the pres 
sure estimated for standard air. 
Another use for equation 43 is 
found in fan tests. 
can rarely be obtained during the 


Standard au 
course of a test. Hence, if a pet 
formance curve is desired for stand 
ard air, the test results must be cor 
rected. Equation 43 is used to 
determine either the static or total 
pressures that would have been ob 





Symbols 


d density of air, lb per cu ft 
h = head, ft of air; 
(hp) horsepower ; 
fp = pressure, in. of water; 
ps = static pressure, in. of water 
pe = total pressure, in. of water ; 
pu = velocity pressure, in. of water ; 


K.= pressure ratio (see equation 2) ; 


LU’ = velocity, fpm ; 

LU’, = outlet velocity of fan, fpm; 

UU, = peripheral velocity or tip speed, 
Ipm ; 

V = yolume of air per unit of time, 
cfm; 

tv mass velocity of air, lb per min 


per sq ft of cross-sectional area; 





tained had the fan been circulating 
standard air during the test. 

Inasmuch as, during any one test, 
the fan speed is constant, the vol 
ume of air delivered by the fan and 
consequently the outlet velocity re 
main constant regardless of the den 
sity of the air. 

Incidentally, it is of interest to 
note that a ratio curve such as Fig 
is independent of the density of the 
air. The ratio curve can be com- 
puted directly from a test perform 
ance curve like the one in Fig. | 
[p. 487, August HPAC] without 
making any corrections for density 
To do so, the actual density of the 
air must be used when computing 
the velocity pressure. The follow- 
ing problem illustrates the interest 
ing fact that the ratio curves of Fig. 
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2 can be used for computing the per- 
formance of a fan handling air of 
any density. 

Example 8—Using the ratio curve of 
Fig. 2, on p. 488, August HPAC, compute 
the static pressure developed by a 30 in. 
fan running at 280 rpm when the density 
of the air handled by the fan is (a) 
0.07488; (b) 0.07184. Assume that the 
fan -is operating at the point on the ratio 
curve where Rp, = 0.858. (c) Compute, 
by means of equation 43, the static pres- 
sure for standard air from the static 
pressure obtained in part (b). 

Solution—(a) Up, = x X 2.5 X 280 = 
2199 fpm. 

Referring to Fig. 2, for Rp, = 0.858, 
(U./U,) = 0.587. Hence, Uo. = 0.587 X 
2199 = 1291 fpm. The velocity pressure 
can be computed by means of the follow- 
ing equation (see p. 572, 1941 ASHVE 
GUIDE): 


Gg. \* 
pu — d ( ) 
1096.5 


1291 \? 
pu = 0.07488 [ - 
1096.5 


= 0.1038 in. of water. 

Inasmuch as the total pressure is equal 
to the sum of the static and velocity pres- 
sures, the total pressure can be eliminated 
from equation 2 and the static pressure 
can be found directly by means of the 
following equation*. 











pu 
i. = — 
1 
1 
Ry 
0.1038 
1 
——1 
0.858 
= 0.627 in. of water static pres- 
sure developed by the fan 
when handling air whose 
density is 0.07488 lb per cu ft. 
(b) 





1291 ° 
pu = 0.07184 —— ) 
1096.5 


= 0.0996 in. of water. 


0.0996 
Ps ————— 
1 
ne | 
Fe. ESS 
*From equation 2, 
ps 
R,=- 
pr 
— Ps 
ps + pu 
1 
pu 
1+— 
ps 
Hence, 
pu 
eS 
1 
—— } 
Ry 
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= 0.602 static pressure déveloped 
by the fan when handling air 
whose density is 0.07184 Ith. 
per cu ft. 

(c) If the static pressure developed hy 
the fan when it is handling air whose 
density is 0.07184 is known, the static 
pressure that would be developed when 
handling standard air can also be com- 
puted by means of equation 43. Using 
equation 43, 


0.075 
p: = 0.602 K ——— 
0.07184 


= 0.628 in. of water when han- 
dling standard air. 
Change in Horsepower with 
Change in Density at 
Constant Fan Speed 
Equation 40 is used to determine 

the horsepower required when the 
fan speed is changed to compensate 
for a change in the density of the 
air so that the required weight of 
air will be delivered. On the other 
hand, if the fan speed is held con- 
stant, the volume of air delivered by 
the fan will be constant but the 
weight will vary with the density of 
the air being circulated. Under these 
circumstances, the horsepower re- 
quired to drive the fan will also vary 
with the density of the air. If the 
horsepower required for a fan when 
it is handling standard air is known, 
the horsepower required when the 
density of the air is changed, but the 
fan speed is held constant, can be 
computed by means of the following 
equation. 

(hp): d: 

(hp), 

This equation is derived as fol- 

lows: From equation 20, 

(hp): V 2p: 


( hp da V sp. 
But for a fan at constant speed, 


Substituting equations 43 and 46 
into equation 45, equation 44 is ob- 
tained. 

As stated in the previous section, 
a fan may handle high temperature 
air in winter and low temperature 
air in summer without a change in 
speed. In such a case, the horse- 
power required under both condi- 
tions can be determined by means 
of equation 44. This equation is 
also frequently used in fan tests to 
correct the horsepower obtained by 
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actual measureme.. to the horse 
power that would have been ol 
tained had the fan been circulatin, 


standard air during the test. 


Example 9—A ian delivering 12,2 
cim requires 2.03 brake horsepower wh« 
handling standard air. Find the pow: 
required at the same speed when the fa 
is handling air whose density is 0.0718 
Solution—Using equation 44, 


0.07184 
(Ap): = 2.03 > 
0.075 
= 1.94 

It is important to distinguis 
clearly between the uses of equ: 
tions 40 and 44. Equation 40 
used to determine the horsepows 
required when the fan speed 
changed to compensate for a chang 
in the density of the air so that t! 
required weight of air will be deli, 
ered. On the other hand, equatio: 
44 is used to determine the hors 
power when the fan speed is hel 
constant and consequently the vo 
ume of air circulated by the fan 
also constant. 

Usually the difference betwee: 
the actual density of the air and 
that of standard air is so small that 
the corrections for fan speed am 
horsepower may be neglected. How 
ever, there are many cases, particu 
larly in drying problems, where t! 
change in density is sufficiently larg: 
so that these corrections should |x 
made. 


Friction Loss 
in Ducts 


All of the charts used in comput 
ing the friction loss in ducts, suc! 
as the one on p. 574 of the 194! 
ASHVE Guide, are based on stand 
ard air. Frequently, however, th 
actual density of the air flowing 
through the duct system is different 
from that of standard air. In suc! 
a case, the friction loss of the a 
flowing through the duct as meas 
ured by a manometer will be diffe: 
ent from the friction loss that wou! 
have been obtained if standard a1 
had been flowing through the du 

Suppose that the friction loss { 
a given weight of air flowi 
through the duct system has bec 
computed by means of a chart bas 
on standard air. For the sav 
weight of nonstandard air flowi 
through the duct system, the pre 
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sure loss that will be obtained can 
he computed from the pressure loss 
‘or standard air by means of the 
following equation : 

p: d, 


pf: d: : 

This equation is derived as fol- 
lows: The fundamental formula for 
the friction loss through a duct or 
other apparatus through which air 
flows is 

EEE 6 ola cxggu nee trnbeds [48] 
where K is a constant. This may 
be written 


Ud\* 
h=K ( =). iis scares 
d 


The mass velocity of the air is the 
weight of air flowing per square foot 


of cross sectional area, or 
EEE Co hGat wats ebinsd 4 cand [50] 
Hence, equation 49 reduces to 


n=x (=)... oo (Sh) 
d 


Eliminating h by means of equation 
11 and combining all constants into 
one new constant, &, 


For a constant mass velocity or 
for a constant weight of air flowing 
through the duct system, equation 
47 is obtained from equation 52. 

Inasmuch as equation 47 is the 
same as equation 36, it is evident 
that the pressure loss in a duct sys- 
tem varies with density in the same 
manner as the pressure developed 
by a fan. If the density of the air 
flowing through the fan and through 
the duct system is the same, the 
pressure developed by the fan will 
always match the pressure loss in 
the duct system regardless of the 
density. This being the case, it is 
apparent that ducts can be designed 
on the basis of standard air and fans 
selected on the basis of standard air. 
Then by correcting the fan speed 
and horsepower in accordance with 
equations 32 and 40 respectively, the 
fan will automatically deliver the 
required weight of nonstandard air 
against the actual static pressure of 
the duct system. 

Inasmuch as all fan performance 
curves and tables are based on 
standard air, fans can be selected 
conveniently only on the basis of 
standard air. Consequently, in de- 
signing ducts, a duct chart based on 


friction loss with standard air may 
be used regardless of the actual 
density of the air. If the computa- 
tions for the duct system are based 
on standard air, and the fan speed 
and horsepower corrected by means 
of equations 32 and 40, the duct sys- 
tem will be correctly sized, the fan 
properly selected, and the proper 
weight of air delivered to the condi- 
tioned spaces. 

The quantity of air that the fan 
will actually deliver, and the static 
pressure against which it will actu- 
ally work after it has been installed 
can be computed by means of equa- 
tions 35 and 36. 

The discussion in the preceding 
paragraphs applies only when ducts 
are to be designed and a fan selected 
for a given installation. However, 
when testing a fan which has already 
been installed and which is handling 
nonstandard air, a different proced- 
ure must be followed. In testing a 
fan, the air volume is measured. As 
has previously been stated, if the 
fan speed remains constant, the vol- 
ume of air handled by the fan will 
remain constant regardless of the 
density of the air being circulated 
by the fan. Hence, no correction 
need be made for the measurement 
of air volume. However, in order 
to compare test results with fan 
ratings based on standard air, the 
static pressure and the brake horse- 
power measured during the test 
must be corrected to determine the 
static pressure and brake horse- 
power that would have been ob- 
tained had the fan been handling 
standard air. For this purpose, 
equations 43 and 44 must be used. 


Density of Air in 
Duct and Fan Differ 


Occasionally installations are 
made in which a heating coil is in- 
stalled between the fan and the duct- 
work. As a result of this, the air 
flowing through the duct is at a 
different temperature and has a dif- 
ferent density than the air flowing 
through the fan. Evidently the 
weight of air flowing through the 
duct is exactly the same as the 
weight delivered by the fan. How- 
ever, the volume of warm air flow- 
ing through the duct is greater than 
the volume of air flowing through 
the fan. 
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If the ductwork has been designed 


on the basis of the volume of stand 
ard air needed, the static pressure 
against which the fan must actually 
work will be different from th 
static pressure computed on the 
basis of standard air flowing in the 
duct. As previously shown, equa 
tion 47 is used to determine the 
actual friction loss in a duct throug! 
which nonstandard air is flowing 
It is apparent that even though the 
fan may be handling standard air, 
the pressure against which the fa: 
must work is actual static pressure 
loss in the ductwork. Hence, if non 
standard air is flowing through the 
duct, the actual static pressure loss 
as computed by means of equation 
47 must be used when selecting th 
fan even though the fan is handling 
standard air. However, the actual 
volume of standard air to be deliy 
ered should be used for selecting the 
fan even though the static pressure 
is computed on the basis of non 
standard air. The following exam 
ple illustrates this. 

Example 10—A given weight of ai 
must be delivered through a certain duct 
system. The static pressure loss with 
standard air flowing through the duct 
system is 0.85 in. Find the static pres 
sure loss in the duct if the air flowing 
through the duct has a density of 0.068 
Ib per cu ft. 

Solution—Using equation 47, 

0.075 
p: = 0.85 —- 
0.068 
= 0.937 in., actual static pres 
sure against which the fan 
must work. 

For the conditions of the forego 
ing example, a fan should be selected 
for the volume of standard air cit 
culated but against a static pressure 
of 0.937 in.—not 0.85 in. Thus. if 
15,000 cfm of standard air were 
needed for the. conditions of the 
foregoing example, the fan would be 
selected from the multirating tables 
in a fan catalog for 15,000 cfm of 
standard air against 0.937 in. of 
water, disregarding the static loss 
with standard air. 


BUY MORE 
WAR BONDS! 
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Commercial, Institutional, and Industrial 
Buildings Must Convert to Coal if 
Facilities Available, Says OPA 


COMPLETE DENIAL of rations of fuel 
oil for heating in apartment houses, 
and commercial, industrial, and in- 
stitutional establishments which pos- 
sess the facilities to convert to coal, 
was announced last month by Paul 
M. O'Leary, deputy OPA adminis- 
trator in charge of rationing. 

Mr. O'Leary said that a large 
proportion of buildings, all heavy 
users of fuel oil, including apartment 
houses, office buildings, and manu- 
facturing plants, can be easily con- 
verted to coal. “The desperateness 
of the fuel oil situation demands 
that they do so,” he said. 

“The government has carefully 
cleared the way for conversions and 
arrangements have been made for 
priorities on materials and the man- 
ufacture of lugs, shaker bars, grates, 
and ashpit doors. In fact, many of 
these things are now made, waiting 
to be used. 

“We are urging everyone to con- 
vert who can—domestic as well as 
commercial users,” Mr. O’Leary 
added. “But we might remember 
that the oil saved from one large 
building that converts is enough to 
heat a score or more of homes all 
winter. Let’s put it this way—fuel 
oil consumed to heat a building that 
might have been converted, but 
wasn't, will mean that a score or 
more of homes will be insufferably 
cold this winter. 

“No person should be permitted 
to make inroads on our precious 
stock of fuel oil and thereby increase 
the discomfort of peaple who can- 
not convert. Every person who can 
do so at a moderate sacrifice should 
take his fuel oil consumption off the 
market entirely, and thus relieve the 
suffering of other people.” 

Mr. O'Leary said that commer- 
cial, industrial and institutional es- 
tablishments will be required to 
report on the convertibility when 
they register for rations of fuel oil. 
Rationing boards, it was pointed 
out, will have the benefit of advice 
from heating experts in determining 
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if such establishments should be de- 
nied rations. 

In no event, whether it be a pri- 
vate home or a large manufacturing 
plant, will any establishment be eli 
gible for a fuel oil ration if a new 
oil burner or equipment converting 
the furnace from other fuels to fuel 
oil has been installed since June 1, 
1942. 

Other types of uses for which 
rations will be denied regardless of 
their convertibility include coal 
spraying equipment and other users 
to the extent to which standby facil 
ities that use fuels other than oil 
are usable. For example, some com- 
mercial establishments have coal 
boilers idle or in operation only part 
time since installation of new oil 
burning equipment. 

Rations for large buildings that 
cannot convert will be set differently 
from those for private homes. The 
heat loss formula based on floor 
area will not be applied. Instead the 
ration will be a percentage of last 
year’s consumption with adjust- 
ments made to take into considera- 
tion degree days. In most cases, the 
curtailment under rationing will 
probably be at least as great as that 
in private homes, which is expected 
to be 3314 per cent under last year. 

Exceptions will be made for hos- 
pitals where a severe cut might 
present serious health hazards. 


Four Zones 

Wide disparities in climate 
throughout the 30 states in which 
fuel oil will be rationed will be con- 
sidered in determining the rations 
householders will receive, the Office 
of Price Administration has an- 
nounced. The rationed area has 
been divided for this purpose into 
four thermal, or heat, zones. In ad- 
dition, numerous subzones are being 
established to provide for ration ad- 
justments in localities where the 
climate has been found to be un- 
usual. Wherever possible state 
lines have been followed in setting 


up the thermal zones. However, lx 
cause the climate varies extensivel 
in certain states, the zone lines cu 
through some states and _folloy 
county lines: 

Zone A—Maine, New Hampshire, Ver 
mont, 15 counties in northern New Yor} 
Michigan, Wisconsin, Minnesota, Nort 
Dakota, South Dakota, and northern par 
of Iowa. 

Zone B—Massachusetts, Rhode Islan 
Connecticut, New York (except upper | 
counties), Pennsylvania, New Jerse) 
Nebraska, and parts of Ohio, Indiana 
Illinois, Iowa, Kansas, and Missouri. 

Zone C—Delaware, Maryland, Virginia 
West Virginia, District of Columbia 
Kentucky, lower parts of Ohio, Indiana 
Illinois, Missouri, and Kansas. 

Zone D—North Carolina, South Caro 
lina, Georgia, Florida east of the Apalach 
icola River. 





HAROLD VY. COES 
TO HEAD ASME 


Harold V. Coes, vice-president 0’ 
Ford, Bacon & Davis, Inc., was 
elected by a letter ballot of the 16, 
250 members of the American So 
ciety of Mechanical Engineers to lb 
president of the society during 1943 

Vice-presidents elected at th 
same time to serve two year terms 
on the council of the ASME are 
Joseph W. Eshelman, president, 
Eshelman & Potter; Thomas I 
Purcell, general superintendent oi 
power stations of the Duquesn 
Light Co.; Guy T. Shoemaker, vice 
president, Kansas City Light & 
Power Co.; and Walter J. Wohlen 
berg, professor of mechanical eng! 
neering, Yale University. 

Managers of the society elected 
to serve on the council for thre: 
year terms include Roscoe W 
Morton, professor of mechanica! 
engineering and head of the depart 
ment, University of Tennesse: 
Alexander R. Stevenson, Jr., sta! 
assistant to vice-president, Genera 
Electric Co.; and Albert E. Whit: 
director of engineering researc! 
University of Michigan. 
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lation Makes 


lackout Plants Possible 


F. O. Jordan Describes First Installation 
of Ventilating and Heating Method Now 
Used in Many War Production Factories 


SUMMARY—War has made blackout 
plants essential; and because a light- 
proof building is also airtight, industrial 
ventilation design and application are 
more important than ever before. . . 
\ method of ventilation and heating 
which is widely used in war production 
plants throughout the United States is 
deseribed here by Mr. Jordan, mechani- 
eal engineer with Albert Kahn Asso- 
ciated Architects and Engineers, Inc. It 
involves motor driven supply and ex- 
‘aust ventilation with weatherproof and 
chtproof hoods in the roof, vertical pro- 
ction unit heaters, and blower type unit 
aters for screening doorways with high 
city air when large doors are opened 
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WHEN THE airplane manufacturing 
plant described in the following 
paragraphs was planned, the design 
ers—Albert Kahn Associated Archi 
tects and Engineers, Inc.—kept be 
fore them the possibility of attack 
by high-flying night bombers. Black 
out provisions naturally were 
deemed essential. 

Of course, the first requirement 
for blackout is that the building be 
designed and constructed so it can 
be darkened—quickly and com- 


plete ly Windows, doors, and othe: 
openings must be sealed so they ar 
lightproof. Unfortunately, however, 
lightproof materials are also airtight 
lf ample artificial illumination is 
provided, men can work without the 
light of day, but they must have a: 
abundant supply of outside ait 

In a blackout factory, the ventila 
tion problem is intensified in sum 
mer’s heat. Modern factories are so 
full of workers, electrically operated 
machinery, and brilliant illumination 


that the internal heat load is terrific 


fibove—A view taken during construc- 
tion of a plant showing a winter supply 
unit at the upper left and discharge ducts 
coming down from summer supply units 
at the right. 
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Furthermore, the beating down of 
the summer sun on vast roof areas 
adds millions of solar Btu’s to the 
heat generated inside. Temperatures 
can rise above 150 F under certain 
conditions unless an adequate vol- 
ume of outside air is supplied. 

The way this outside air is sup- 
plied and the heat is removed from 
this particular plant can be said to 
have established a precedent. At any 
rate, the same method is now being 
used to improve working conditions 
and eliminate dips in the summer 
production curve in numerous war 
production plants across the United 
States. 


Ventilators 


The method involves the installa- 
tion of motor driven supply and ex- 
haust ventilators in the roof. These 
ventilators consist of weatherproof 
and lightproof hoods, containing 
vertically mounted propeller type 
fans. The supply units are provided 
with discharges extending down to 
the bottoms of the roof trusses so 
they do not disturb the tendency of 
heated air to stratify close under the 
roof. The air is discharged at a 
velocity sufficient to obtain convec- 
tion cooling down at the occupancy 
level. 

The exhaust units dre at the high 
points of the roof, so they draw off 
the hot air as it rises to the higher 
levels in the building. All units are 
provided with automatic dampers 
that open only when the fan is in 
operation, and the hoods on the roof 
are hinged to make the motors ac- 
cessible for servicing. 

This method prevents inside tem- 
peratures from rising to points more 
than 10 F higher than the tempera- 
ture levels prevailing outside. 


Unit Heaters 


Heating in the winter is provided 
by overhead, vértical shaft, projec- 
tion unit heaters installed up in the 
truss space where they are out of 
the way. This type of unit, it has 
been found, will maintain a circula- 
tion of heat downward so that strat- 
ification of temperature is minimized 
and constant conditions of comfort 
are maintained in all parts of the 
building. Certain of the unit heaters 
are provided with outside air intake 
connections. Thus, enough outside 
air is brought in to maintain satis- 
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factory air purity and replace the air 
removed from the interior by process 
exhausters. 


Door Heating 


One of the problems the engineer 
encounters in these aviation plants 
is that of devising methods of keep- 
ing winter gales from blowing all 
the heat out of the building when the 
hangar type doors are open. The 
condition is met in this plant with 
blower type unit heaters installed at 
the doorway in such a manner that 
they discharge vertically downward 
to maintain high velocity air screens 
across the door openings. These 
units are controlled by door switches 
and inside thermostats arranged to 
start the units as soon as the doors 
are opened, regardless of the inside 
temperatufe. After the doors are 
closed, they continue operating until 
the inside temperature has risen to 
the setting of the thermostats. 

Other heating units are also con- 
trolled by thermostats. Ventilating 
systems consisting of fans, ducts, 
and the like have even been installed 
in such portions of the building as 
locker rooms and toilets. 


Steam Supply 


Steam is supplied at 175 psi pres- 
sure from the boiler house and is 
reduced to 30 psi for distribution 
to the unit heaters. Condensate is 





returned by gravity from the h ,t- 
ing units to duplex condensate pi 1p 
and receiver units, whence it js 
pumped back to the boiler ho: sx 

The factory boiler plant inst: ‘- 
tion is most complete in every (e- 
tail. The boilers are of the w: 
tube variety. Diesel engine dri ey 
air compressors and a standby ¢ c. 
tric generator are important part: o/ 
the installation. 

The condensate from the heating 
system is returned to an elevated 
feedwater heater, from which i: ; 
returned to the boilers by feed 
pumps. There are three of thes 
pumps—one of the steam dri) 
reciprocating type, one a_turbin 
driven centrifugal pump, and or: 
motor driven centrifugal pi 
Complete controls are provided 
cluding boiler feed regulators 
combustion controls. 


Process Steam 


In addition to the steam required 
for the heating system, certai) 
manufacturing processes also de 
mand it. Steam is supplied fo: 
heating water and in connection wit! 
paint sprays and anodizing. The 
steam for manufacturing processes 
is supplied at 175 psi pressure. 

Compressed air is provided by ai: 
compressors in the boiler house fo: 
riveters and other pneumatic tools 

Hot water requirements are take 
care of by surface type water heat 
ers supplied with steam. 





LIMITATION ORDER ON 
INDUSTRIAL CONTROLS 


WPB limitation order L-134, 
which restricts the use of chromium, 
nickel, and their alloys to specified 
operating conditions of instruments, 
valves, and regulators of the type 
used industrially, has been revised 
by the director general for opera- 
tions in the interest of further con- 
servation of critical materials. 

Ratings on which manufacturers 
or dealers are permitted to deliver 
new equipment have been raised 
from A-10 to A-l-c, and the re- 
quired rating for deliveries of repair 
and maintenance supplies has been 
changed from A-10 to A-8 or higher, 
except on equipment needed by the 
Army, Navy, Maritime Commis- 
sion, War Shipping Administration 
and other designated agencies. 


WPB’S AIR CONDITIONING 
BRANCH CONSOLIDATED 


A recent administrative orde: 
the War Production Board ab 
ished the air conditioning and con 
mercial refrigeration branch an 
transferred functions, personne! 
records, and equipment to the ge 
eral industrial equipment branch 
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HEAT IN THE HEADLINES 


Much space, in newspapers, magazines, trade and 
technical publications, is currently being devoted to 
Fuel Conservation, How to Heat Homes Economicaliy, 
Fuel Oil Rationing, and allied subjects. The news 
reels have done their bit to make people realize the 
importance of joining the “War on Fuel Waste.” 


Fuel oil rationing, commencing October 15, in 30 
states has been announced officially by the Office of 
Price Administration. Four zones have been desig- 
nated as follows: Zone A—Maine, New Hampshire 
Vermort, New York (15 northern counties), Michigan, 
Wisconsin, Minnesota, North and South Dakota, and 
northern Iowa. Zone B — Massachusetts. Rhode 
Island. Connecticut, New York (except 15 northern 
counties), New Jersey, Pennsylvania, Nebraska 
parts of Ohio, Indiana, Illinois, Iowa, Kansas, and 
Missouri. Zone C—Delaware, Maryland, Virginia, 
West Virginia, District of Columbia, Kentucky, lower 
parts of Ohio, Indiana, Illinois, Missouri, and Kansas. 
Zone D—North and South Carolina, Georgia, Florida 
(east of Apalachicola river). 


Before October 15, householders will be required 
to file applications for fuel oil with their local ration- 
ing boards. Answers to 34 questions are necessary 
and fuel oil allotments, in gallons, will be made 
according to the following formula: Square feet of 
living space multiplied by degree days for thermal 
zone divided by a constant 3750 or 5000. Ration 
coupons are not to be available until November 30, 
but oil deliveries will be made by dealers between 
October 1 and November 30 subject to the surrender 
of coupons for equivalent amounts of oil. Reductions 
of 33%4 per cent from last year are expected. 


Members of the Society in the rationed areas have 
been invited to aid the OPA in furnishing qualified 
personnel to advise local rationing boards on ap- 
peals for supplemental rations and on other technical 
questions. 


As this goes to press, the complete plan is being 
prepared for public announcement. Watch for it in 
daily newspapers. 
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Design of Spray Cooling Ponds 


By S. Hori*, U. A. Patchett** and L. M. K. Boelter} 
Berkeley, Calif. 


This paper is the result of research sponsored by the AMERICAN Society or HEATING 
AND VENTILATING ENGINEERS in cooperation with the University of California. 


SUMMARY—A method for the design 
of spray cooling ponds is outlined, based 
on the theory of energy transfer, utilizing 
a unit volume energy conductance. Ap- 
plication of the proposed method is illus- 
trated by presenting performance curves 
of a typical spray pond with high and 
low pressure nozzles. A comparison of 
the drop sizes for the two types of noz- 
zles is given. 


THIS PAPER presents a_ design 
method applicable to spray cooling 
ponds based on the consideration of 
the energy transfer from the cool- 
ing water to the ambient air. The 
complexity of the phenomena which 
take place in the actual system makes 
necessary several idealizations, in 
order to present a method which 
can be applied readily in practice. 


Nomenclature 

a= surface area of drops, square 
feet per cubic foot of spray 
volume. 


specific heat of liquid water, 


Btu) per (pound) (degree) 
(Fahrenheit). 
¢ = effectiveness. 
F(p) = the mean diameter of the spray 


for a single nozzle which is a 
function of the pressure at the 
nozzle, feet. 
F’(p) = height of the top of the spray 
above the nozzle, also a func- 
tion of the pressure at the 
nozzle, feet. 
enthalpy of air-water vapor 
mixture, Btu per pound of dry 


h 


i} 


air. 

h” = enthalpy of saturated air at 
the water temperature, Btu per 
pound of dry air, 

h, = enthalpy of surrounding ambi- 
ent air, Btu per pound of dry 
air. 

K = unit volume energy conductance 
for the total volume of spray, 
Btu per (hour) (square foot) 
(Btu per pound). 


(Aa) unit volume energy conductance, 


*Teaching Assistant, Department of Mechan 
ical Engineering, University of California. 

**Assistant Professor, Department of Me- 
chanical Engineering, Stanford University. 

tProfessor, Department of Mechanical Engi- 
neering, University of California. 
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Btu per (hour) (cubic foot) 
(Btu per pound). 

L = water rate to the nozzles, pounds 
per hour, 

Im = logarithmic mean. 


My = number of rows of nozzles 
along the length of a symmet 
rical pond. 

Ny == number of rows of nozzles along 


the width of a symmetrical 
pond. 

p> = pressure at the nozzles, pounds 
per square inch gage. 

t= water temperature, degrees 
Fahrenheit. 

tw = wet-b-lb temperature of ambi 
ent air, degrees Fahrenheit. 

b’ = total volume of spray above the 
pond surface, cubic feet. 

* = distance between nozzle rows 
along the length of a symmet- 
rical spray pond, feet. 

X = total length of spray, feet. 

y = distance between nozzle rows 
along the width of a symmet- 
rical spray pond, feet. 

Y = total width of spray, feet. 

<= height of nozzles above pond 
surface, feet. 

Z = total height of spray above the 
pond surface, feet. 


Subscripts 1 and 2 refer to the water before 
and after spraying, respectively. 


Neglecting the amount of water 
lost by evaporation, entrainment, or 
otherwise, the over-all rate of heat 
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Fig. 1—Lay-out of a symmetrical rectan- 
gular spray cooling pond 


(a) Plan view 
(6) Elevation view 


loss by the water is given by: 

Lic (tr—te)....... he (1 

The over-all energy transfer rat 

for the total spray volume may lx 
expressed simply and with reaso 
able accuracy as: * 

(Ka) ih =a { 
where Ajdty, is the logarithm 
mean driving potential and is ex 


h”; hs 
ine 
h,” hs 
This mean driving potential cai 
readily, since the 


pressed as: 


A hum 


be determined 
usual temperature measurement 
taken during tests on the spra 
ponds are the initial and final wate 
temperatures and surrounding ai 
wet-bulb and dry-bulb temperatures 
This definition of the mean driv 
presumes that th 


ve 


ing potential 
enthalpy of the air throughout t 
spray volume is that of the su 
rounding ambient air. The actual 
air enthalpy within the spray vol 
ume, however, will always be great 
er than the enthalpy of the su 
rounding air, and thus the mea 
driving potential as computed ot 
this basis will be higher than the 
actual. 

Assuming that all of the heat lost 
by the water is transferred to th 
air, Equations (1) and (2) ar 
equated : 

Lic (h—th) = (Ka) V Q hy 
Transposing the terms, 
Lic (t: — te) 
(Ka) = - — (4 
V A him 

Equation (4) defines the unit 
volume energy conductance (Ka 
for spray cooling ponds and re 
sembles the conductance used in t! 
investigation of spray cooling tow 
ers.2> The effectiveness of a give’ 
unit as an energy exchanger de 
pends on the unit volume energ 
conductance (AK) and the transfe: 
area per unit spray volume (a 
Since neither of these can readil 
be determined independently, th: 
product of the terms is defined a 
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cooling ponds will be 11- 


Sap Fae dap Sop 3! 
IPavayS lustrated by presenting 
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the performance curves 
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7 ” ae of a typical small spray 
a “4 pond with two sets of 





BS nozzles (high and low 
Sy * pressure ) for what data 
are available.* The lay- 

out of the two sets of 

3 nozzles is shown in Fig. 





; 2, while Fig. 3 shows 
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Fig. 2—Lay-out of nozzles for illustrative examples 


(a) Low pressure unit 
(>) High pressure unit 


the unit volume energy conductance 
(Ka). This conductance can be 
used as the basis for the indication 
of the effectiveness of spray coc ling 
ponds as an energy exchanger. The 
greater the value of the unit volume 
energy conductance for a given op- 
erating condition, the greater the 
cooling which results. 

For any standard spray pond lay- 
out, the total spray volume /” and 
the water rate L are functions of 
the pressure at the nozzles. For 
example, for a symmetrical rectang- 


a hile 

a cross-section of the 
nozzles, with the dimen- 
sions of the high and 
low pressure nozzles 
presented also. For the 
low pressure nozzles, Equation (5) 
will be applied to determine the total 
spray volume as a function of the 
pressure. 


For this case. 


x and y = 12 ft 
tz and my = 2 
s=T7¥ fr 


Substituting in Equation (5), 
V= [12+ F(p) (75+ F(p)] 


The operating conditions for run 
l are: 
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Pp—Q9lb/sqin.gage t:—85.5F a , : 
: : =. ss-sec f nozzles for illus- 
ular spray pond (see Fig. 1) the ee ; Ewe Fig. 3—Cross-section o 
pre r, ] £ eee L — 129,100 tb/hr DB — 57.5 trative examples 
volume ( ) may be expressed as. f, 160.0 F WB . 51.5 F High Pressure Dimensions Low Pressure 
1% im. pipe lL) ’ in. pipe 
2 in, d “% in 
a im ‘ 2m 
[+ (ms—1) + F (p) [vy (ty —1) + F (Pp) [s+ F’ (p)]...-.-.-.-- GO) is in f 1 in 
% in J 1% in 
No. of Vanes ‘ 
The functions of the pressure F(p) a ai 
and F’(p) depend only on the 9 
- nr ~ 
type of nozzle. The total water rate ~ SN 
’ ~. fh 
L depends on the type and number a) mr 
. rT . ~ . “ir, 
of nozzles. The total spray volume ~J ~ SK 
’ may be determined as a function = wi ie a 
of the pressure if the width and & See ae 

: ~ 
height of the spray are known as a a> 
‘ r aon ¥ sce ° =3 > ~ 
a function of pressure for a single = SS = << 
nozzle and the lay-out of the nozzles - e~N mS 

> ~ 
also is known. =| a ~~ 

>.. : oan ’ te ae — al 

By performing a series of tests E wan "s S ~ 
on any given unit, it is possible to = ® 4 a ~ 

. . . . ~ 
obtain a series of curves for the x= ~~ ‘Siti, ee 7. 

, _— ~ 
umt volume energy conductance ~ gue ‘See a 
(Ka) as a function of the pressure e 5 —— - 
at the nozzle for various inlet water a ~ 3 

‘ . a 
temperatures and atmospheric con- » oe? Bien, ae 
ditions. With tl ired date £ 
litions. ith the required data on x 2 — 
the various types of spray ponds in 4 ~ 
operation in the industrial sections Se, 1 
4 * ee 
of the country, a series of perform- 
ance curves for each type of unit 3 

125 135 195 16 


and locality may be obtained. These 
curves may then be applied directly 
» the design of spray cooling ponds 
or any desired operating conditions 
ithin the range of available data. 
The application of the method 
oposed for the design of spray 


WATER TEMPERATURE BEFORE SPRAYING, DEG FAHR 


Fig. 4—Unit conductances for illustrative examples for various nozzle pressures 


Lecenp 


Low Pressure Unit (4 Nozzles) 
1) 3 lb per sq in. gage 
2) 5 lb per sq in. gage 
3) 7 Ib per sq in. gage 
4) 9 Ib per sq in. gage 
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High Pressure Unit (18 Nozzles) 
5) 9.2 Ib per sq in. gage 


6) 7.5 Ib per sq in. gage 
7) 5.7 Ib per sq in. gage 


























(a) Low pressure nozzle 





(b) High pressure nozzle 


Fig. 5—Comparison of drop sizes from 
nozzles of illustrative examples 


For a pressure of 9 Ib/sq in. gage 
at the nozzles, 
F (p) — 22.0 ft 
F’ (p) — 5.0 ft 


Therefore, 
Vv = (12 + 22)? (7.5 + 5.0) = 14,500 cu ft 


The logarithmic mean potential 
may be evaluated by obtaining val- 
ues for the enthalpies at the operat- 
ing temperatures from a psychro- 
metric chart or a table of thermo- 
dynamic properties for moist air. 
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h”, — 373.4 Btu per pound of dry air 
h”,— 49.8 Btu per pound of dry air 
h.— 21.3 Btu per pound of dry air 


Substituting in Equation (3), 


373.4 — 49.8 
Ahim = = 129 Btu/Ib 


373.4 — 21.3 
Ine | ————— - - 
49.8 — 21.3 
From Equation (4), 
129,100 (160.0 — 85.5) 








(Ka) = 
14,500 129 
8.91 (74.5) 
= ————— = 5.15 Btu per (hr) 
129 (it)* (Btu per Ib). 


The values for the unit volume 
energy conductance (Ka) were 
computed similarly for the various 
operating conditions and are plotted 
as a function of the inlet water tem- 
perature, as shown in Fig. 4. The 
performance curves for the high 
pressure nozzles are also revealed 
on this figure. The average wind 
velocity obtained during these tests 
was probably 3 mph. 

Fig. 5 allows a rough comparison 
of the drop sizes for the two types 
of nozzles. The smaller drops ob- 
tained from the high pressure noz- 
zle increase the amount of cooling 
per pound of water sprayed, but a 
greater pressure is required to op- 
erate the high pressure nozzles, and 
a smaller quantity of water is han- 
dled per nozzle. 

The curves shown in Fig. 4 are 
applicable only to the systems con- 
sidered and for the range of ex- 
perimental and operating conditions 
investigated. Similar curves ob- 
tained for other units and types of 
nozzles would be valuable as a basis 
for the design of spray ponds for 
desired operating conditions. 

The application of the design 
method already illustrated does not 
include the variation of the unit 
volume energy conductance (Ka) 
with atmospheric conditions as suffi- 
cient data were not available. The 
prevailing wind conditions (velocity 
distribution) will affect the unit 
volume energy conductance and in 
order to obtain a complete analysis 
of the performance of spray cooling 
ponds, these variables must be taken 
into account. 
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OFFNER APPOINTED HEAD 
OF N. Y. COMMITTEE 


The Honorable F. H. LaGuard 
has appointed Alfred J. Offn 
New York, N. Y., a member « 
Council of the Society, as Exec 
tive Director of the Mayor’s Eng 
neering Advisory Committee, t 
owners of one- and two-fam 
houses in obtaining low cost, exp 
advice on all matters relating to fu 
conservation and conversion of 
burners to coal burning equipment 

If in the Committee’s opinion a: 
swers to written inquiries are c: 
ered in a pamphlet “War on Fu 
Waste—How to Do It.” recent! 
prepared by the War Service ( 
mittee of the Society, the pamph! 
will be mailed, free of charge, i: 
self-addressed envelope. If a : 
detailed 
printed questionnaire will be sent | 
the applicant, requesting him t 
it out and return it with a nomin 
fee of $2.00. If the conditio: 
the dwelling requires a personal 11 


answer is necessar 


spection and survey, a fee for this 


service will depend on time 
sumed and number of surveys it 
locality, but will not exceed $10.0 
The Mayor announced that a! 
rangements for this Committee 
made through the cooperation of th 
War Service Committee of the 
ASHVE, the New York Ass 
tion of Consulting Engineers, 
the New 
ASHVE. ‘Phe project is arrang 


to function on an actual cost basis 


but if any profits result it is under- 


stood that these will be given to th 


Red Cross or the USO. 
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Medical and Public Health Aspects of 
Heating Oil Rationing: 


By Leverett D. Bristol, M. D., Dr. P. H. 
New York, New York 


PHYSICIANS, ENGINEERS, and pub- 
lic health workers interested in the 
subject of indoor heating and venti- 
lation, have become accustomed to 
think in terms of a so-called “com- 
fort zone”, which indicates ideal 
combinations of room temperature 
and relative humidity. In the ra- 
tioning of fuel oil for heating pur- 
poses, it may be necessary to reor- 
ganize the usual peace-time proced- 
ures in the direction of a discomfort 
zone, if it will help to win the war! 
So far as possible, health should not 
be jeopardized and if some discom- 
fort or suffering may be required, 
any rationing plan adopted should 
be based on justice and equality for 
all, with special consideration of the 
needs of those of tender or advanced 
age, or those with actual disease or 
lowered vitality. Reasonable and 
not too drastic regulations should be 
promulgated in order to prevent a 
popular uproar and _ resentment 
which would defeat the purpose of 
any plan. 

Required changes in national hab- 
its in regard to heating and clothing 
will create extensive opposition. The 
average person will think he is hit 
at both ends, if rationing of heating 
oil is necessary, together with the 
scarcity of wool and the increased 
cost of clothing to compensate for 
reduced temperatures. Therefore, 
any plan must be preceded and fol- 
lowed through by an intelligent and 
extensive educational program, us- 
ing all possible means—radio, news- 
paper, posters, etc. It must be 
shown that this is a war in which 
the average citizen can contribute an 
essential part. 

It would seem desirable to direct 
such a campaign of health education 
from some federal agency in Wash- 
ington, with whatever medical or 
public health assistance or leader- 
ship might be required. Such cen- 
tralized medical or public health au- 

“Report, Fuel Rationing Division, U. S. Of- 


hee of Price Administration, Washin e. 5 oe 
September 10, 1942. _ 


thority assisting the rationing au- 
thorities at the federal level also 
would be of great help in advisory 
relationships with state and local 
groups, professional and otherwise ; 
and would serve to instill confidence 
in the minds of the public on a prob- 
lem which more than in any other 
application of the rationing principle 
yet suggested has important health 
implications. When people feel cold 
and chilly, they are going to blame 
all their ills, real or imaginary, on 
atmospheric conditions, whether this 
is warranted or not. 

In any educational program some 
central theme or slogan should be 
developed and widely promoted. For 
example, one of the popular songs 
and slogans of the first world war 
was, “Keep the Home Fires Burn- 
ing.”” For winning the second world 
war, at least so far as fuel consump- 
tion is concerned, a slogan might be, 
“Keep the Home Fires Burning 


Low! 


Safe Minimum Indoor 
Temperatures 


What may be considered a safe 
minimum indoor temperature during 
winter months from the standpoint 
of health? In the past the error has 
been on the side of too high tempera- 
tures and too dry atmospheres, par- 
ticularly in private homes and apart- 
ment houses. The first essential, 
therefore, in a fuel and health con- 
servation program is to indicate to 
the public, particularly those people 
who have been prodigal in the use 
of fuel oil, that temperatures must 
be kept down. In doing this, the 
other extreme must be avoided of 
causing so much of a temperature 
reduction that severe chilling and 
possible sickness may result. While 
most winter ills, such as the com- 
mon cold, influenza, bronchitis, and 
pneumonia, are due to bacterial and 
virus infections, scientific evidence is 
accumulating to show the important 
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relationship of lowered resistance 
and changes in weather to these con 
ditions. 

In the past era of peace and 
plenty, there has been much con 
cern over the maximum or upper 
limits of indoor temperature, con 
ducive to health, comfort and effi 
ciency, and there is an abundar :e 
of information and scientific evi 
dence to indicate the most suitable 
combinations of temperature and 
relative humidity from the stand- 
point of comfort. On the other 
hand, there is little experimental evi 
dence of a scientific nature to show 
what an individual in a wartime 
economy can get along without, or 
can be cut, in his artificial heat re 
quirements, without injury to health 

After adhering for generations to 
the idea that ventilation is a chem 
ical problem involving poisonous 
gases and too little oxygen or too 
much carbon dioxide, there has been 
a return to the ideas of the ancients 
that the problem of ventilation is 
chiefly physical and has to do largely 
with air movement, temperature and 
moisture content. Moreover, ventil 
ation is not so much a matter of 
what is breathed in through the 
lungs as it is of how the skin and 
body react. It is more of a cutane 
ous than a respiratory problem 
Clean air, and air with a chemical 
composition within reasonably nor 
mal limits, is necessary for satisfac 
tory ventilation, but it is more im 
mediately important to ventilate in 
the interest of the heat regulating 
mechanism of the body. 

Just as an ideal temperature, # 
respective of humidity and air mo 
tion, does not exist, so also a safe 
minimum temperature does not ex 
ist without these other influencing 
factors. Without being able to give 
arbitrarily a safe minimum tempera- 
ture, or danger point, from the 
standpoint of health, opinions re- 
cently gathered from various med 
ical and public health authorities of 
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the United States, preliminary to 

the preparation of this report, sug- 

gest that the following, without re- 

gard to other factors, may be con- 

sidered minimum temperatures for 

emergency requirements of fuel oil 

rationing : 

(a) For the average private home 

—60-68 deg (majority opinion 65 deg) 

(b) For the average apartment house 

—60-68 deg (majority opinion 65 deg)’ 

(c) For hospitals and sanatoria 

—68-80 deg (majority opinion 70 deg 
except operating rooms 
80 deg) 

(d) For schools 

—60-70 deg (majority opinion 65 deg)’ 

(e) For department stores, office 

buildings, etc. 

—60-68 deg (majority opinion 65 deg)’ 

Indoor temperatures of dwelling 
places, hospitals, schools, stores, 
and offices must vary according to 
the conditions and activities of oc- 
cupants and the specific uses to 
which various rooms are put. 
Granted that industrial efficiency is 
essential for winning the war, tem- 
peratures maintained in industry 
must be determined on the basis of 
the particular industrial conditions 
and needs, and will be less subject 
to general regulations. However, in 
the interest of wartime fuel econ- 
omy, all industries should carefully 
scrutinize their heating and ventilat- 
ing equipment and practices to the 
end that winter indoor temperatures 
will be kept at the lowest possible 
point, consistent with the efficiency 
of the workers. 

It has been suggested by some 
that department stores as a whole 
might be reduced to lower tempera- 
tures (50-60 F dry-bulb), except for 
the office spaces, since the customers 
are properly dressed for outside 
weather and the clerks are fairly ac- 
tive and can dress appropriately. 

For general hospital wards a 
minimum temperature of 65 F may 
be satisfactory where patients re- 
main in bed, or if ambulatory pa- 
tients are provided with a 70 deg 
lounging room. Operating rooms 
and nurseries naturally require 
higher temperatures. 

In the hospital or sanatorium 
treatment of tuberculosis, authorities 
do not feel that reasonably low tem- 
peratures (from 60-65 F) are in any 
way harmful, although they usually 
prefer 65-72 F. It is agreed, how- 
ever, that the very low temperatures 


Subject to local regulations or codes. 
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once advocated have no special merit 
in treatment. It is believed, in gen- 
eral, that high temperatures (over 
70 F) are not necessary and temper- 
atures running to 75 F or over may 
be definitely undesirable. 

It is most important that thermo- 
stats in all locations should be prop- 
erly adjusted and reconditioned, if 
necessary. The thermostat should 
be subject to the supervision and 
manipulation of one person, so far 
as possible, rather than several dif- 
ferent persons. Simple, daily rec- 
ords of indoor temperatures should 
be kept by householders for more in- 
telligent control of heating. These 
should cover the day and night tem- 
peratures, if feasible. 


Procedures to Offset Reduced 
Temperatures 


In a required reduction of the 
usually recommended indoor tem- 
perature of 68-70 F, as a result of 
the necessary rationing of heating 
oil, information should be made 
widely available to the public as to 
methods and procedures to offset 
the reduced temperatures and to pre- 
vent undue suffering or ill health. 


Insulation, Weather-Stripping and 
Humidification 


Reduction of room temperature 
may be a relatively small item in 
saving fuel. However, lowering 
temperature from 72 to 65 F may 
decrease fuel consumption by 10-20 
per cent. Proper insulation of walls 
and attic floors, the use of storm 
sash and doors, and so-called vapor 
barriers, may cut down heat losses 
by as much as 60 per cent and 
should be given important consider- 
ation by householders. 

It may be stated that ventilation 
is more satisfactory as a rule in the 
average place of work than in the 
average home, or apartment house— 
the latter often being greatly over- 
heated. While mechanical air con- 
ditioning equipment may not be 
feasible in the average home, much 
may be done to improve conditions 
for members of a household. It 
usually has been thought that the 
chief fault in most homes is the lack 
of proper indoor humidity; the air 
of rooms in winter possibly being 
overdry, with supposed resultant 
discomfort, and predisposition to 
various abnormal conditions, par- 
ticularly of the respiratory tract. 


However, recent investigations s: 
to indicate that the usual variati 
of humidity in homes during 

heating season may be relatively | 


important. Limiting or somew 
reducing temperature in the hy 
will simplify the problem of ma 
taining any required moisture 
tent in the air. 

In the interest of 
health, fuel oil, and the home bud 
as well as of winning the war 
should be pointed out that high 
door temperatures are waste 
While satisfactory air condition 
devices are in use for larger hon 
office buildings and other places 
work, the home of modest circu 
stances may have to depend mor 
less on “home remedies,” for 
duration. As a matter of fact, s 
authorities suggest that extra 
midification of home indoor ai: 
not nearly so important as pe: 
have been led to believe; and e\ 
granted that it may be desirable 
special cases, it is a high-cost « 
modity particularly in a_ wartiny 
economy. At temperatures of 65 | 
or less, artificial humidification is 
generally not necessary 
laundering, bathing and living acti 
ities will result in adequate humid 
ity for normally healthy people. A: 
tificial humidification need be unde: 
taken only upon the specific sugg: 
tion of a physician. 


conser\ 


becaust 


Attention to Room Requirement 


In homes and apartment houses 
little or no attempt should be mack 
to heat the bedrooms, with the e 
ception of those occupied by infants 
aged, or ill persons. The bathroom 
should be kept warm and a schedul 
set up for dressing and undressing 
in the bathroom so that bedrooms 
may be kept at temperatures fron 
50 to 60 F. Provision should be 
made for warm night clothes and 
bed coverings. 

Living’ rooms, where occupants 
spend most of their time, should be 
kept at a suitable temperature at t)i 
expense of the dining room, halls 
and kitchen. Kitchen occupanits 
usually are active and additional 
sources of heat, such as the rang‘ 
and electrical appliances are avail- 
able. Considerable heating oil s 
ings can be effected by lowering t! 
temperature to 50 deg at night, and 
by the use of local zone radiant 
heaters, where electrical power ' 
available for that purpose. Avoid 
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»ce of local drafts from windows, 
ors and fireplaces often may be 
ccomplished by the rearrangement 

furniture and, so far as possible, 
vindows and doors should be kept 
losed, except for minimal essential 
ventilation. Cold is better borne 
when the air is still. This should 
not result in a return to the dark 
ra of no ventilation. Pulling down 
window shades at night screens the 
cold glass from the rest of the room. 


Development of Adequate Health 
Habits 


As a general matter of prevention 
and health conservation, it is well to 
remember that a reduced indoor 
temperature is less apt to injure 
persons in good physical condition 
and having good health habits 
Plenty of outdoor exercise and sun- 
light and wholesome food of nour- 
ishing quality are most important. 
Adequate clothing and foot-covering 
should be worn. Occasional cold 
baths of short duration may serve to 
build up resistance in cold-sensitive 
individuals. The general objectives 
and effects of these practices should 
be not so much to “harden” the skin 
as to improve nutrition, strengthen 
the muscles, and stimulate the nerv- 
ous and blood systems. Overfatigue 
should be avoided. “Early to bed” 
has both health and _ fuel-saving 
values ! 


Use of Additional Clothing 


Indoor comfort and health during 
the cold months of the year are mat- 
ters depending just as much on (a) 
individual adjustments of clothing 
according to personal susceptibility 
to lower temperatures and drafts, 
as on (b) proper heating and ven- 
tilation. So far as reactions to cool 
moving air are concerned, double 
comfort standards between men and 
women, and even individual differ- 
ences, actually exist and are due 
largely to differences in dress or 
clothing, although there may also be 
minor constitutional differences. As 
emphasized by Yaglou, reconcilia- 
tion of this double comfort standard 
and application of this knowledge to 
individual situations would do much 
‘0 prevent dissatisfaction and possi- 
ble ill effects of cooler indoor tem- 
peratures and drafts during the win- 
er. 

A heavier dress or suit, an extra 
indergarment or overgarment, when 


necessary, may mean all the differ- 
ence in comfort so far as body reac- 
tions to cool indoor air are con- 
cerned. Every individual should be 
brought to realize that he is his own 
clothing engineer, and that he may 
do much to find winter heaith and 
comfort in spite of an overcool room. 
Wear a sweater and help win the 
war, may be a worth-while slogan, 
especially for women members of a 
household. 

The public should be made to un- 
derstand that by a_ reasonable 
amount of extra clothing, the body 
adjusts itself readily to temperatures 
at least 10 deg below what people 
in the United States consider the 
standard temperature for dwelling 
houses. Experience of those in for- 
eign countries attests to this fact. 
Some medical and public health au- 
thorities have indicated that not only 
would it be safe, but actually bene- 
ficial to keep temperatures quite a 
few degrees lower than the com 
monly accepted standard if addi- 
tional clothing is worn. The English, 
based on experience with radiant 
heat, believe that a 60 F dry-bulb 
temperature is adequate if room oc- 
cupants are properly clothed. 

In any plan to emphasize the use 
of coal or gas stoves, the public 
should be warned as to the dangers 
of possible asphyxiation, poisoning, 
and fire accidents. 


Heating Requirements for 
Hot Water 


Fuel oil rationing must take into 
consideration and make provision 
for the need of hot water (if heated 
by oil) in many domestic activities 
such as bathing and the sanitary 
washing of dishes, and other utensils 
used in common. In homes, public 
restaurants, cafeterias, drug-store 
soda fountains and other places of 
like nature, a definite health hazard 
exists unless all glasses, dishes, 
spoons, and cooking utensils are 
subjected to the necessary cleansing 
and bactericidal treatment after be- 
ing used. In many parts of the 
United States these requirements 
are contained in state or local health 
codes or regulations. 

Dishwashing devices are classified 
as (1) hand washing, and (2) ma- 
chine washing. In either case 
proper sanitary cleansing and disin- 
fection requires hot water. For 
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hand washing of eating and drinking 
utensils, the temperature of the 
soapy water should be as high as can 
be withstood by the hands—110-120 
F, Following this preliminary wash 
ing it is usually required that uten 
sils be placed in water of not less 
than 170 F. The period usually 
recommended during which these 
utensils should remain in hot wate 
is from one to two minutes. The 
pouring of boiling water (212 F) 
over washed utensils usually is not 
adequate for disinfecting purposes 
unless done over a period of at least 
one minute. 

In place of hot water for disin 
fecting purposes, a chemical bath, 
preferably warm, of a chlorine solu 
tion (100-200 parts per millon) 
may be used, observing about the 
same time period as above. ‘The 
wider use of this chemical process 
for dishwashing would be in the in 
terest of saving hot water and fuel 
oil. 

In machine washing, the tempera 
ture of the soapy wash and the rins« 
water should not be less than 170 
180 deg properly controlled as to 
time, usually two minutes. In ex 
posure of utensils to live steam, this 
usually is done in a closed compart 
ment for at least five minutes. 


Supplement Fuel Oil Rations 


Special’ regulations should be set 
up to provide supplemental fuel ra 
tions for the following homes: 

t. Those in which there are young 
cAildren under four years of age. During 
these early years of life children require 
frequent bathing in rooms which must 
be adequately heated. They spend much 
time on the floor where temperatures are 
several degrees lower than at the shoul 
der height of a sitting or standing adult 
A room temperature of not less than 70 | 
should be provided. This also would 
take care of the needs of the nursing 
mother. 

After the fourth birthday, children be 
come more active and begin considerable 
outdoor life. This play and extra a 
tivity continues during school years 
There also is more opportunity for in 
sistence on sufficient clothing, regardless 
of style, than among adults. School 
children are away from home for part 
of the day, during which their artificial 
heating needs are taken care of by the 
school authorities. Moreover, children 
produce more heat in proportion to their 
body area than do adults. If anything, 
normal children need a cooler and not 
a warmer environment than adults. Ex- 
cept in unusual instances, no supplemen- 
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tary home fuel oil ration would seem 
to be necessary. 

2. Those in which there are older peo- 
ple, particularly those of lowered vitality. 
There are more individual differences in 
this age group, which may have to be 
taken into consideration as special cases. 
Some people are “old” at 55 years of age 
while others are still “young” at 70 
years. In general, supplemental rations 
should be made available for homes with 
one or more occupants over 65 years 
of age. In such instances a temperature 
of not less than 70 F and possibly as 
much as 74 F for the room or rooms 
occupied should be provided, based on 
home conditions and needs. 

3. Those homes in which there are 
one or more cases of acute or chronic 
sickness or invalidism. Since the medi- 
cal treatment of these cases usually in- 
cludes directions or orders from a 
physician as to the upward or downward 
regulation of room temperature, he should 
be the judge of the need for possible 
supplementary fuel oil rations. 


Administration and Certification 


It must be assumed that the local 
rationing board, made up of compe- 
tent authorities, will have the power 
to investigate and pass upon all re- 
quests for supplementary fuel oil ra- 
tions. Their attention must be given 
to many matters, such as the differ- 
ence in insulation and the efficiency 
of the heating plant in homes re- 
questing supplementary rations. 

Certification by a licensed physi- 
cian should be made to the rationing 
board for supplemental fuel oil ra- 
tions in all cases involving actual 
needs arising out of sickness and the 
infirmities of old age or other special 
cases. This should include the prob- 
able time during which supplemental 
rations will be required. Supple- 
mental rations should be made avail- 
able for a definite period of time 
based on local conditions and needs, 
and renewal or extension of such 
rations should be provided as might 
be required. Physicians should not 
be asked to reveal a diagnosis when 
that violates an ethical confidence. 

The amount of the additional al- 
lotment should be determined by the 
local rationing board on the basis of 
the doctor’s certification as to the 
indoor temperature required and the 
board’s decision as to the extra 
amount of oil needed to attain that 
temperature. To expedite the in- 
terests of the sick individual, protect 
the physician, and safeguard the in- 
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terests of the public in this impor- 
tant war-emergency measure, it 
might be desirable to have the physi- 
cian’s certificates filed (a) by the lo- 
cal rationing board in those commu 
nities where a local physician is ap 
pointed as consultant or advisor to 
the board, or (b) by the local health 
officer where this is not the case. 
The value of designating a local 
physician as a consultant or advisor 
to the local rationing board should 
be carefully considered. 

Finally, any plan of heating oil 
rationing should take into considera- 
tion not only the possible periods of 
abnormally cold weather and in- 
creased precipitation of snow or 
rain, but also must be patterned so 
that adjustments in the value of fuel 
oil coupons may be made in the 
presence of epidemics or threatened 
epidemics of such diseases as influ- 
enza. Moreover, communities which 
may accurately be described as 
health resorts should be given spe- 
cial consideration. 

The Fuel Rationing Division of 
the United States Office of Price 
Administration is to be commended 
for their early recognition of the im- 
portant medical and public health 
implications in applying the ration- 
ing principle to oil for heating pur- 
poses, as a war-emergency measure. 

This period of rationing will be an 
historical demonstration of what the 
people in the United States can 
stand with reference to a minimum 
indoor temperature. Let us go for- 
ward with courage and confidence, 
fully determined to beat our ene- 
mies, both on the outdoor and the 
indoor front! 
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DELTA MEMBERS 
MEET 


August 11, 1942. The regula: 
monthly meeting of the Delta Chap 
ter was held at Arnaud’s Restau 
rant with 9 members and guests at 
luncheon. The meeting was called 
to order by Pres. G. C. Kerr, and 
the minutes of the last meeting wer 
read and adopted. 

G. E. May, chairman of the 
Blackout Committee, reported that 
he turned his final report over to the 
Office of Civilian Defense, and 
Alcee Legendre, coordinator for the 
OCD in this area, suggested that 
material submitted to him would be 
printed in pamphlet form for distri 
bution. 

A committee composed of Messrs 
J. J. Bryner, N. J. Helwick, R. B 
Guest, and F. P. Fischer, was ap 
pointed by President Kerr to mak: 
a survey of the local fuel situatio: 
in connection with the Fuel Con 
servation Program. After a length) 
discussion at the meeting it was de 
cided to await a report of the find 
ings of this committee. 

A decision was also made to com 
pile a new roster designating th 
active members, the members in th: 
armed forces and the members ou! 
of town on defense jobs, and thi 
was followed by adjournment. 











A Modulating Electronic ‘Temperature 
Control 


By Walter R. Elliot,* Columbia, Mo. 


THIS TEMPERATURE control was 
evolved incidental to experimental 
work on heat transfer and vapor 
diffusion. Its prime purpose was to 
eliminate the lag which may occur 
when a liquid-filled thermostat is 
used to control the temperature of 
a moving stream of air. In cases 
where the mass flow of air is in- 
considerable, this lag becomes very 
pronounced owing to the small heat 
capacity of the air. 

If the lag in the apparatus is to 
be substantially reduced, it is essen- 
tial that the control element in the 
air stream should have the least pos- 
sible heat capacity. In this research 
work excellent control was obtained 
by using a resistance thermometer 
in a Wheatstone bridge circuit. The 
thermometer itself was directly in 
the air stream. 

This resistance thermometer was 
constructed of No. 36 B. & S. gage 
nickel wire. The wire had a re- 
sistance of 2.1 ohms per foot, and 
the thermometer had a total resist- 
ance of 602 ohms at 68 F. The wire 
was wound on two No. 6 pyrex 
glass tubes 15 in. apart. Small 
beads of glass were fused onto the 
tubes as spacers to keep the nickel 
wires from touching. These wires 
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were soldered at the ends to Fahne- 
stock clips, and constantan leads 
went from the resistance thermome- 
ter to the control apparatus. The 
wiring diagram for this tempera- 
ture control is shown in Fig. 1. 

The KU 627 tubes are Westing- 
house grid-glow tubes (thyratrons ). 
They are mercury vapor tubes, 
and carry a current of 2.5 amperes 
each. The total heat input of which 
these tubes are capable is therefore 
550 watts, and this is delivered to 
heating coils located upstream from 
the resistance thermometer. 

One arm of the Wheatstone 
bridge is the resistance thermome- 
ter. Another arm consists of a 
fixed resistance of 2600 ohms. The 
control which determines the tem- 
perature at which the circuit will 
balance consists of two resistances 
of 20 and 500 ohms. Moving the 
latter has the effect of decreasing 
the resistance in one arm and in- 
creasing it in the adjacent arm of 
the bridge, which also has a fixed 
resistance of 2600 ohms. 

The operation of the modulating 
temperature control may be briefly 
described as follows: If the air 
passing the resistance thermometer 
becothes slightly cooler than the 
temperature at which the bridge is 
in balance, the resistance of the re- 
sistance thermometer decreases 
slightly and the bridge circuit be- 
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Fig. 1—Wiring diagram of temperature control 
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comes unbalanced. This unbalance 
of the bridge is amplified by the 57 
tube and amplified again by the 50. 
This amplified unbalance is fed to 
the grids of the 53 through the 
biasing transformer. The 53, act- 
ing as a rectifier, feeds the grids of 
the thyratrons through the phase 
shifting network. With the grids 
positive with respect to the cathodes, 
the mercury vapor tubes become 
conducting, carry a current, and im 
press a heating load on one of the 
heating coils. The higher the posi- 
tive voltage on the grids becomes, 
the higher is the heating current 
that the tubes carry. 

When the air is heated up to the 
operating temperature, the circuit in 
the return of the 56 and 57 supply 
tends to make the potential of the 
56, 57 and thyratron cathodes 
slightly positive with respect to 
ground. This causes the thyratrons 
to be non-conducting, and no heat- 
ing load is carried. 

This particular circuit was con- 
structed to control air conditions 
over a temperature range of 60 to 
115 F. In experimental work where 
it was used no temperature variation 
in the moving air stream was ob- 
served as great as 0.1 F. If fluctu- 
ations in the ambient temperature 
aie small, control may be even more 
precise. 
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The Application of the Effective Tem. 
perature Scheme to the Comfort 
Zone in Netherlands India 


By J. A. Wiesebron*, C. P. Mom**, R. Courtice}, and C. J. Kipy} 


From the Laboratory of Technical Hygiene, Graduate School 
of Engineering, Bandoeng, University of Netherlands India 


SUMMARY—This paper reports an in- 
vestigation into the effective temperature 
scheme for Netherlands India based on a 
representative group of 21 subjects. The 
Mollier Chart was used for superimpos- 
ing the effective temperature lines and 
the comfort zone. The Assmann psychro- 
meter was taken as a standard for both 
the dry- and wet-bulb temperatures ob- 
served. The final slopes of the effective 
temperature lines were drawn from the 
corrected Assmann readings. A compari- 
son was made between the effective tem- 
perature lines developed in U.S.A. and 
those found in the experiments for 
Netherlands India. 


Introduction 


IN THE United States of America, 
Houghten, Yaglou' and others have 
devised the effective temperature 
scheme for assessing climate and 
have carried out large-scale experi- 
ments in order to determine the com- 
fort zone and equal comfort or effec- 
tive temperature lines for American 
subjects. However, such results ob- 
tained for Americans, do not of 
necessity apply to residents of Neth- 
erlands India. 

In order to assess climatic condi- 
tions in factories, houses, offices, 
theaters, air-raid shelters, etc., it 
would be convenient to have avail- 
able the effective temperature scheme 
obtained for residents of Nether- 
lands India. Then by the applica- 
tion of methods of ventilation and 
air cooling the prevailing conditions 
may be changed to optimum living 
and working conditions. But, it 
may be asked, what are the optimum 
working conditions and what is the 
optimum effective temperature ? 

Radsma* has demonstrated that 
basal metabolism is lower for inhab- 
itants of tropical coastal regions than 
for those of temperate climates. 
But he has also shown by a statis- 
tically adequate series of experi- 
a *Physical Assistant to the Laboratory of Tech- 
nical Hygiene. 

**Professor of Technical Hygiene and Sani- 
tary Engineering. 

tTravelling Restsieutien of the Queensland 
University, Brisbane, Australia. 

ttFellow Researcher at the Laboratory of 


Technical Hygiene. 
INumerical exponents refer to references. 


632 


ments that during a temporary stay 
in a cool room, the resting meta- 
bolism of tropical inhabitants be- 
comes lower than in their ordinary 
tropical atmosphere*. Thus he con- 
cludes that the lower resting meta- 
bolism in the cool room signifies that 
even under the most favorable trop- 
ical conditions, bodily metabolism 
does not fall—or rather cannot fall, 
to the same extent, as when the sub- 
ject is resting in a cooled environ- 
ment. 

In extensive investigations in Ba- 
tavia, Radsma* has demonstrated 
the following effects produced on 
tropical inhabitants by a temporary 
stay in a cool environment: less skin 
activity not only as a result of less 
sweating but also as a result of less 
lactic acid secretion, approximately 
the same blood pressure with prob- 
ably a somewhat diminished minute 
volume of the circulation, slower 
pulse rate, an adaptation of the cir- 
culation by diminution of the quan- 
tity of extracellular body fluid and a 
lower resting metabolism. . 

He draws the conclusion that it is 
possible for the human body to rest 
more profitably in a cool environ- 
ment than in a tropical atmosphere. 

It is a well-known fact that man 
remains healthier for a much longer 
time in a temperate climate than in 
a tropical atmosphere. This differ- 
ence should be associated with dif- 
ferences in physiological functions of 
the human organism. Obviously, 
the human organism derives definite 
advantages from a cool atmosphere. 

Perhaps the most striking physio- 
logical difference demonstrated by 
Radsma* between tropical inhabi- 
tants and inhabitants of temperate 
regions is the raised body tempera- 
ture in the tropics. He has proved 
statistically that not only the sub- 
lingual temperature but also the rec- 
tal temperature of man during the 
day in the tropics is 0.3 — 04 C 
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higher than in temperate climat: 
This is indeed a very significant d 
ference for one of the most consta 
of bodily constants. 

Radsma suggests that the high: 
body temperature is a_ necessai 
stimulus to the heat regulating c 
ters to facilitate heat loss from 1 
body. 

From a physiological viewpoi 
therefore, the tropical man shou 
be provided with a cool enviro 
ment, so that body heat loss may 
facilitated. In this way, the man : 
the tropics will be able to work w 
der circumstances comparable wit 
those prevailing in temperate 1 
gions. 

In previous papers by Mom 
and Wiesebron’ a comfort zone fo 
men clad in ordinary tropical clot! 
ing in Netherlands India was estal 
lished. 

The climatic conditions in this 
case were evaluated in terms of dry 
bulb temperature and relative lv 
midity, while all determination 
were carried out in still air. 

It may be stated here with refe: 
ence to a recent elaborate paper | 
Lee on this subject*, in which he 
discusses the previously described 
work, that the purpose of these ex 
periments was to make an outline « 
the comfort zone in Netherlands I: 
dia under the simple circumstances 
of the psychrometric experiments as 
previously stated. 

For the purpose of delineating t! 
comfort zone on a Mollier diagra: 
it was not necessary to make use 
the effective temperature scheme 
has been developed by Houghite: 
and Yaglou. The experimental dat 
of this research were recorded on! 
in terms of dry-bulb temperatu: 
and relative humidity, two simp! 
but exact measures which have | 
pretention to more meaning th 
they really have. 

However, in oraer to carry 0 
further investigations into the infl 
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ence of other factors on the situation 
of the comfort zone, it becomes nec- 
essary to incorporate temperature 
and humidity in one entity. There- 
fore, the effective temperature 
scheme was adopted in the experi- 
ments described herein. This scheme 
has proved to be of great practical 
value in many instances. However, 
one must be aware of the intrinsic 
defects of the effective temperature 
measure and it must be realized that 
although there may be two condi- 
tions of different temperature and 
humidity in which the actual feel- 
ing of comfort is exactly the same, 
the potential state of comfort of the 
subject can be different. 

For instance, as has been pointed 
out by Wiesebron’ a person may 
be quite comfortable in almost sat- 
urated air of 22 C dry-bulb tem- 
perature, but under these circum- 
stances he is undoubtedly much 
nearer discomfort than at the same 
effective temperature point of 22 C 
with a dry-bulb temperature of 24 C 
and a relative humidity of 62 per 
cent. 

Pursuing the experiments con- 
cerning human comfort in Nether- 
lands India, the authors desired to 
investigate the influence of air veloc- 
ity and radiation. These investiga- 
tions of the effect of air velocity and 
radiation, on which the authors are 
still at work, using the effective tem- 
perature scheme, will be reported 
later. 

With regard to the number and 
quality of test subjects the same 
technique was followed as in the 
previous investigations. The advan- 
tages of this technique, using a lim- 
ited number of selected test persons 
who are well fitted for the purpose, 
were explained previously by Wiese- 
bron’ *, 


Table b—ilet of Ten ee 








Supyect | Sex AGE Race 

Sy a eae 20 Eur. (b) 
2. Soen. m. 23 | Ind. 

3. Ki. m. 32 Eur. 

4. Co. j m. 22 | Eur. (1) 
5. Ve. f. 19 | Eur. (b) 
6. Soet. m. | 23 Ind. 

7. Th. m. 27 Chin (b) 
8. Dj. m. 42 | Ind. 

9. Ka. | m. 27 Ind. 

10. Kh. m, 22 Chin. 
ll. La. f. 19 | Bur. (b) 
12. Si. f. | 27 Eur. (b) 
13. Soed m. 26 Ind. 

14. Kl. m. 20 Eur. (b) 
15. Sch. m. 34 Eur. 

16. Ho. m. 41 Chin. (b) 
17. Ba. f. 25 Eur. 
Lo — m. 64 Eur. 
19. u. m. 41 Eur. (b) 
20. Scha m. 42 Eur. 
21. Wi. m. 36 Eur. (b) 














>—Born in Netherlands Indi 
1—Born in Aastealia. ous 
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Present 
Investigation 
Plan of Experi- 


Room A 


ments: In this “ss | Bb 
series of experi- 22 . 7 
ments there were =e 1 
21 subjects consist- 22.4 14 
ing of students and 23.2 15 
members of the 233 is 
staff of the Labora- a ae 
tory. Particulars me | 

25.0 16 


about these subjects 
are given in Ta- 
ble 1. 

Two psychrometric rooms with an 
inter-connecting passage-way were 
used for the experiments. Details 
of the structure of these rooms and 
of the method of their air condition- 
ing may be read at length in a treat- 
ise by Wiesebron’. 

The temperaturé and relative hu- 
midity could be quickly altered 
ach room, but great care was taken 
not to alter these conditions so 
quickly as to confuse the subject. 
At first the two rooms were used, 
completely shut off from the in- 
ter-connecting passage-way. Later, 
however, it was found easier for the 
subject to record his feeling of com- 
fort more accurately by including 
the passage-way in Room B so that 
the subject passed immediately from 
one atmosphere to the other. 

In Room A a relative humidity 
of 35 to 55 per cent was maintained, 
with varying temperatures, while in 
Room B the relative humidity varied 
from 80 to 100 per cent. This high 
relative humidity was maintained by 
means of three water-vapor blowers 
situated on the walls of Room B and 
operated by means of an electric air 
pump. 

An observer sat in each psy- 
chrometric room and recorded dry- 
bulb temperature, wet-bulb tempera- 
ture and the comparative feeling of 
comfort of the subject, whether one 
atmosphere was hotter than, cooler 
than, or the same as the other. At 
first, the subjects were under ob- 


*Wiesebron reports that not everybody is suit 
able as a test subject. As a human being the 
test person will aleays cooperate with the in 
vestigator or work in opposition to him. There 
fore the test person must possess a certain in 
telli e¢ and moreover he must be experiment 
ania He should be of such a mental and 
physical disposition as to react consistently to 
* influences of temperature and humidity. 

In accordance with that, it was experienced 
that generally the subjects acquired a more 
critical and exact judgment of the circumstances 
prevailing in the test room, so that the delinea- 
tion of the comfort zone could be made more 
vee y. It may be stated that Houghten and 

“ny report a similar happening in their ex- 

en. -—t, Hence the conclusion was made that 
it is preferable to work with a small number of 
suitable subjects rather than with a large num- 
ber of any given persons, unless the number 
taken can be extremely great. 
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Tabie 2—Typical Data for an Hour of Observation 


Dry-BuLs w eT-BuLs Dry-Buts |Wet-Buie 





VSONSONUNSCHOOW 


Room B 
PEELING or CoMFOR1 








19 9 17 35. Room A a little warmer 
19.6 16.25 A and B equal 

20.0 17.8 A and B equal 

20.6 18.05 A little warmer 
20.85 18 3 A little warm 
21.0 18 45 A and B equal 

19.9 19.5 A and B equal 

21.3 19 6 A cooler 
21.55 19.6 A warmer 
21.6 19.6 A and B equal 

22.2 20.5 | A warmer 
22.2 20.5 | Aand B equal 

22.3 20 6 A little warmer 
22 .7 20 7 A and B equal 

23 .2 20.9 A and B equal 


servation for only a few minutes, 
that is, until an equal comfort line 
was obtained for them by adjusting 
conditions in one or both rooms. 
With some subjects, however, this 
method did not give consistent re 
sults and the reason was perhaps to 
be found in the desire of the subject 
to please the observer and also to re 
turn as quickly as possible to his 
or her own particular task. 

Soon after the commencement of 
the investigation this method was 
changed to one whereby the subject 
was kept under observation for one 
hour. During this time he fre- 
quently passed from one room to the 
other and expressed his comparative 
feeling of comfort in the two rooms. 

During the hour the conditions in 
both rooms were gradually altered 
over a range of approximately 3 deg 
ET and on an average 8 to 10 equal 
comfort lines were established. This 
method gave much more consistent 
results and one hour in the psy- 
chrometric rooms did not appear to 
tire the subject so that he could still 
give faithful results at the end 
one hour. A typical hour’s results 
are given in Table 2, and a typical 
day’s results are shown in Fig. 1. 
Thus, during one day’s observations 
conditions were gradually changed 
from 17 deg ET to 28 deg ET for 
four or five subjects. 

Use of the Mollier Diagram :* 
This diagram which is a psychro- 
metric chart gives the relationships 
of one kilogram of dry air mixed 
with varying amounts of water va- 
por and it is true for a certain con- 
stant barometric pressure. 

Though it is perhaps superfluous, 
it may be stated that the nearly hori- 
zontal lines spreading a little fan- 
wise are the isotherms; the oblique 
parallel lines are lines of constant 
heat content, which for practical 
purposes may be considered as iden- 
tical with wet-bulb lines, while the 
upward spreading curved lines are 
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b «700 mm 


Fig. 1 


of constant relative humidity. 
Mollier diagram is one with 
oblique axes. On the vertical axis 
the heat content # is measured in 
keal for 1 + «x kg of dry air-water- 
vapor mixture, while the water-va- 
por content + is originally plotted 
on the oblique axis as kg of H,O- 
vapor. 

The horizontal line through the 
origin is used as an auxiliary 
x-axis, as a matter of convenience. 

The diagram is constructed ac- 
cording to the following equation: 

i = 0.24¢ + O.46¢7% + 595%....(1) 

where i= heat content in kcal, the zero 
being dry air at 0 C. So air of 

0 deg and water of 0 deg both 

content of 0 


lines 
The 


have a_ heat 
kcal/kg. 

x = amount of H.O-vapor present 
in 1 kg of air (hence there is 


always 1 kg of dry air to- 


gether with + ke of H,O- 
vapor). 
#£ = 0.622 vue HELO TERT (2) 


p = vapor pressure of H.O. 


i = O.2h¢ + 595% + o.hétz. 


i 
kcal 
oo 





i = const. 


O.bbtx 





on 





O.2kt 


= const. 


frmeeee 
a, 





5 95x 





Fig. 2 — Construc- 
tion of Mollier 
diagram 
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} esuxiliery x-axis 
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i = Ome + 505X .O46tX 
| 





ome «kg HO 


Mollier diagram showing typical test results for one day 


¥ 
B= barometric pressure = 700 
mm for Bandoeng. 
0.622 is the ratio between the 
weights of water vapor and 
air under the same circum- 
0.804 





stances = = weight of 


1.293 
H.O vapor/weight of air. 
0.24 = specific heat of dry air. 
0.46 = specific heat of water-vapor. 
595 — heat of evaporation of 1 kg of 
H:O at 0 C. 
t = temperature in C. 

In most cases Mollier diagrams 
are constructed with the 0 deg 
isotherm as the base-line, as can be 
seen in Fig. 2. In order to obtain 
greater accuracy, however, and since 
the comfort zone was of main inter- 
est in this work, it was decided to 
use only that part of the diagram, 
which measures effective tempera- 





tures ranging from 17 C to 29 C. 
In the construction of the diagram 
we fixed both 1 C measured on the 
vertical axis and 0.001 kg of H.O 
vapor, measured on the horizontal! 
auxiliary +-axis, as 1 cm. There 
fore, 1 keal is represented verticall) 





1 
by = 4.17 cm and horizontally 
0.24 
1 
by ———— = 1.68 cm. 
0.595 


Therefore, the tangent of the an 
gle made by the constant 1-line wit! 
the horizontal in this diagram is 
4.17/1.68 = 2.48. 

Table 3 gives the figures neces 
sary for the construction of that 
part of the Mollier diagram from 17 
C to 29 C ET. 

Various stages in the formatio: 
of the Mollier diagram by use oi 
the data found in Table 2 are given 
in Figs. 3-7. 

Fig. 3 shows the construction 0! 
the saturation line and the isotherms 
from 17 C to 29 C for whole num 
bers of degrees by plotting on the 
auxiliary #-axis the values for 4 
(column 4, Table 3) and on thx 
y-axis the values of 0.24¢ + O46t. 
(columns 5 and 8, Table 3). As can 
be seen in this figure the isotherms 
are at an angle with the horizontal, 
which angle increases with the tem 
perature. 

Fig. 4 shows the construction o/ 
the constant i-lines, drawn parallel 
to the #-axis through the points of 
intersection of the isotherms with 


the saturation line. These constant 


Table 3—Data Required for Construction of Mollier Diagram from 17 to 29 C 











1 2 3 4 5 
t p x 0.241 
Dec C| (mm Ho) (xc H:0- x(cm) (KCAL) 
VAPOR) 

6 7.013 | 0.006295 6.3 1.44 
7) Tae 6748 | 6.75 | 1.68 
8 | 8.045 7231 7.2 1.92 
9 8 609 7747 | 7.75] 2.16 
10 9 .209 8292 8.3 2.40 
il 9.844 8874 8.9 2.64 
12 10.518 | 9498 9.5 2.88 
i3 11.231 0.01014} 10.1 3.12 
14 11.987 1109 | 11.1 3.36 
15 12.788 | 1158 | 11.6 3.60 
16 13.634 | 1235 | 12.35 | 3.84 
17 14.530 | 1318 | 13.2 4.08 
18 15.477 | 1406 | 14.1 4.32 
19 16.477 1500 | 15.0 | 4.56 
20 | 17.535 1599} 16.0 | 4.80 
21 18.650 | 1702 | 17.0 5.04 
22 19.827 | 1813 | 18.1 | 5.28 
23 21.068 1930 | 19.3 | 5.52 
24 22.377 | 2054 | 20.5 | 5.76 
25 23 .756 2186} 21.9 | 6.00 
26 | 25.209 2324 | 23.2 6.24 
27 | 26.739 | 2471 | 24.7 6.48 
28 28.349 | 2625 | 26.25| 6.72 
29 30.043 0.02789 | 27.9 6.96 
30 31.824 | 2] 29.6 7.20 
31 33 .695 3146 | 31.5 7.44 
32 | 35.663 3338 | 33.4 7.68 
33 37 .729 3542 | 35.4 7.92 
34 | 38.898 3760 | 37.6 8.16 
35 | 42.175 | 3988 | 39.9 8.40 











6 7 a se 9 10 
595 x 0 461 x 0 461 x | t i (cM 
(KCAL) (KCAL) (mu) (KCAL) 

| 
3.745 | 0.01738 | — 5.202 21.7 
4.015 2173 — 5.717 23.8 
4.303 2662 = 6.250 26.0 
4.609 3207 | — 6 801 28 3 
4.934 | 3815 | — 7.372 30.7 
5.279 4490 _— 7.964 | 33.2 
5.646 5240 — 8.578 | 35.75 
6 .033 6063 ~ 9.214 | 38.39 
6 445 6976 -- 9.875 41.14 
6.889 7989 - 10.569 | 44.04 
7.348 9090 _ 11.279 46.99 
7.345 | 0.1031 | 43 | 12.028 | 50.12 
8.368 1165 | 4.86 12.805 | 53.33 
8.923 1311 | 55 13.614 56.70 
9.510 1471 6.1 14.457 60 26 
10.13 1644 | 69 | 15.334 63 87 
10.79 18385 | 7.65 | 16.254 | 67.70 
11.48 2042 | «8.5 17.204 | 71.66 
12.22 2268 | 95 | 18.207 | 75.88 
13.00 | 2514 | 10.5 19.251 | 80.21 
13 .82 2780 11.6 20.338 | 84.70 
14.70 3069 12.8 21 .487 89 54 
15 .63 3383 | 14.1 22.688 | 94.54 
16.59 3720 | 15.5 23.922 | 99.63 
17 .62 4088 | 17.0 | 25.229 | - 
18.72 4496 18.7 26 .610 - 
19 .86 4914 20.5 | 28.031 | - 
21.08 5378 22.4 29 .538 
22.38 5882 24.5 31.128 | - 
23.73 6422 26.75 | 32.772 | 
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Fig. 3—Development of saturation line 


Fig. 4 
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Construction of constant i-lines 
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Fig. 5—Location of isotherms 


{ = keal ae 
Pp 


= const. 
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a kg F.c 
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p= (1 = 55)tan x 





Fig. 7—Construction of the 12 to 16 C 
constant i-lines 


i-lines are considered for the pres- 
ent as wet-bulb lines. 

Fig. 5 shows the construction of 
the isotherms from 30 C to 34 C 
by first determining the points of 
intersection of these isotherms with 
the constant «-line for + — 0.028 
kg H,O 

Se :ame:s 
a = 0.46f' rx 
28. 0.460 x 
ae ae 
v 
using columns 4 and 8 of Table 3. 

Fig. 6 shows the part of the dia- 
gram already constructed, i.e. the 
isotherms from 17 C to 34 C with 
the corresponding constant i-lines. 

The construction of the 12 C to 
16 C constant i-lines is shown in 
Fig. 7, by determining the point of 
intersection of these constant i-lines 
with the ¢ = 35 C-line using the 
values of i in cm from Table 3 (col- 
umn 10) 

P= (i — 35) tana 


i-lines 
The i = constant lines for 6 C 
11 C may be drawn by use of: (a) 
the values of 7; (b) tan « = 2.48. 


Finally the lines of relative humidity 
are also included. Each line of con- 
stant ¢ is divided into 10 equal parts 
and the corresponding points joined. 

Investigation of Results: In 
every case of equal comfort the con- 
ditions prevailing in Rooms A and B 
were plotted on the Mollier diagram 
(the constant i-lines being used as 
wet-bulb lines) and corresponding 
points joined by straight lines to be 
designated equal comfort or effec- 
tive temperature lines. 

By doing so, it was assumed that 
points of equal comfort lie on a 
straight line throughout the whole 
range of relative humidity. This 
assumption seemed justified firstly 
in accordance with the results found 
by Houghten and Yaglou! ; secondly 
with the fact that the borders 
of the comfort zone as determined 
by Mom‘ and Wiesebron’ are almost 
straight lines. Although these bor- 
ders are not equal comfort lines as 
determined by passing from one 
room to the other, they are in a 
sense equal comfort lines for condi- 
tions which are judged after a longer 
time of exposure. 

Moreover, the small correction in- 
volved by determination of points of 
equal comfort throughout the whole 
range of humidities would not com- 
pensate for the amount of work nec- 
essary. Lines of equal comfort or ef- 
fective temperature lines were drawn 


Heatine, Preise & Am Conprriontnc, Octoser, 1942—ASHVE Journat Section 


Fig. 6—Diagram 


a = kg £.0 


showing isotherms and constant 


for each subject on a separate Mol 
lier diagram. On an average, there 
were some 40 effective temperature 
lines for each subject. The next step 
was to determine the slope of eac! 
effective temperature line, such slope 
being the angle subtended to the 
horizontal (accurately measured to 
1/10 in each case). 

In most cases the angle made by 
the effective temperature lines wit! 
the horizontal, increased as one 
passed from lower to higher effec 
tive temperatures, but the revers« 
was the case in some subjects. That 
the slope of the effective tempera 
ture lines should become steeper as 
higher temperatures are reached, is 
in conformity with the well-recog 
nized fact that sweating at highe: 
temperatures causes the body to ap 
proach more closely to a wet-bulh 
thermometer while at lower tem 
peratures, in the absence of perspir 
ation, the body behaves more in ac 
cordance with that of a dry-bulb 
thermometer. This is well seen in 
the subject Ki in Fig. 8. 

However when another subject is 
taken, e.g. Soen (Fig. 9), it will be 
seen that there is a marked contrast 
with that found for the subject in 
Fig. 8. The slope of the 28 deg ET 
line for subject Ki is + 45 deg 
while that for subject Soen is + 16 
deg. This large discrepancy appears 
to be a direct consequence of the dif 
ference in sweating ability of the two 
subjects, for whereas sweat was very 
abundant on the forehead and face 
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of Ki, it was still entirely absent in 
Soen under the same conditions. 

With such contrasts the difficulty 
of obtaining an effective tempera- 
ture chart accurately applicable to all 
subjects, can be readily appreciated. 
However, great differences were 
only manifest at higher temperatures 
which were above the upper limit of 
the comfort zone, so that within the 
comfort zone, the chart obtained 
may be said to be sufficiently accu- 
rate for practical purposes. 

The next step was to plot on a 
graph, effective temperatures on the 
y-axis against the corresponding 
slope of the effective temperature 
line on the x-axis. By doing so, it 
was found that the distribution of 
the points was such as to suggest 
a linear relationship. The Line of 
Best Fit through these points was 
calculated from the following for- 
mula : 


¥ 
. 





y—y = Bix — #) 
where zYY 
B= : 
zXY 
= 
X =r—-s and ¢ = — 
n 
y 
Y=y y and y= — 
n 
y = effective temperature in degrees Cen- 
tigrade. 
« = slope of the effective temperature 


line in degrees. 
B= tangent of the slope of the line and 


x, y represent the 
the center of gravity of all the 
readings. 


B was calculated from the formula 


D.B. we. | pB. | we. 
22.0 49 | 2.0 | 18.0 
23.0 13.3 21.0 18.0 


J=cal om * ae “s 3 Or ~e 


b.700 mn 
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i<O24t + 505X. -O40tX 
| 





be «ke HO 


Fig. 8—Results of Subject Ki 
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Fig. 9—Results of Subject Soen 
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coordinates of 





YY 


because, in the Netherlan 
sXY 
India case, the effective temperatu: 
represented by y is much less i: 
fluenced by subjective variation tha 
the slope of the effective temperatu: 
line, which is measured by the fee 
ings of the subject. The formu! 





sYY 
——— = B is applicable to thos 
SXY 
cases in which the y values a: 


measured with much more certain: 
than the x values, such as prevail 
in our case. This can be elucidate 
by drawing the following two equ: 
comfort lines on a Mollier diagran 


FEELING OF COMFORT E.T. SLopr 
Equal 20 .2 11.0 Dey 
Equal 20.0 15.0 Des 


The second point is the same 
each case and a difference of 0 
deg ET corresponds to a differen 
in the slope of the effective temper: 
ture line of 4.0 deg. 

In Table 4 are given the lines of 
best fit for each subject, togethe: 
with the number of effective tem 
perature lines and the correlation 
coefficients between effective tem 
perature and the slope of the effe 
tive temperature line. 

Determination of the Line of Best 
Fit for All Subjects: In determining 
the Line of Best Fit for all subjects 
equal importance was attributed t 
the slope of the Line of Best Fi 
for each subject. 

The values of + for effective ten 
peratures of 17 deg and 29 C wer 
determined for each subject and also 
the mean values for all subjects. I 
this way the Line of Best Fit for all 
subjects was found to be the follow 
ing : 


y = 1.813% — 10.08 
where y = effective temperature and 
* = angle subtended to the hori 


zontal by the effective temperatur: 
line. This formula is shown in Ta 
ble 5. 

Fig. 10 shows a Mollier chart 
with superimposed lines of effective 
temperature in accordance with th: 
Line of Best Fit obtained for all sub 
jects. 

In the experiments accuracy was 
sacrificed to a certain extent fo 
convenience firstly by considerin; 
the constant t-lines in the Molli: 
diagram as wet-bulb lines, and se 
ondly, by considering the psychr 
metric readings as true theoretic: 
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values. So the chart in Fig. 10 may 
sidered as a preliminary chart 
ch must be converted into one 
giving real values. This method 
chosen because the correction 
¥ the calculated results entailed 
h less work than would have 
heen necessary for correcting each 
separate reading. 


m 


Correction of the Preliminary 
Chart 

Correction of Psychrometric 
Readings Made During the E-xperi- 
ments to Assmann Psychrometric 
Readings: In accordance with re- 
sults found by Wiesebron in previ- 
ous investigations, the Assmann psy 
chrometer was taken as standard, 
because it was found to be the most 
accurate type of psychrometer avail- 
able. 

As the 
however, is rather unsuitable for con- 
tinuous readings, because the clock- 
work fan in this instrument must be 
wound up before every reading. a 


Assmann psychrometer, 


psychrometer especially constructed 
for continuous readings was used in 
the present experiments. This psy- 
chrometer consisting of a dry- and 
a wet-bulb thermometer placed with- 
in a metal cylinder of 20 cm length 
and 12 cm width, with a small elec- 
tric fan at one end of the cylinder, 
was described extensively by Wiese- 
bron together with the results of an 
elaborate test’. In this report it is 
referred to as the electrical psy- 
chrometer. The readings of this 
psychrometer were corrected to Ass- 
mann readings. 

Experimental conditions were re- 
produced in both rooms and simul- 
taneous readings were carried out 
with the Assmann and _ electrical 
psychrometers. For Room A the 
relative humidity averaged about 40 





Table 4 
SuBJECT " x y 
Ke 34 17.59 21.76 
Soen.. 31 12.30 | 23.66 
Ki. 91 21.64 | 22.78 
Co 75 18.80 | 22.79 
Ve 28 14.58 | 22.24 
Soet 26 17.99 21.05 
Tt 27 16.91 22.30 
) 26 17.08 23.63 |— 
Ka 24 20.55 | 22.10 
ch 35 | 15.56 | 21.52 |— 
La 31 15.7 23.57 |— 
Si 38 17.00 | 22.12 
Soed. 39 | 15.14 23 .25 
Rie... 14 | 18.67 23.16 
Sch 34 | 15.88 22.42 |— 
H 38 18 .26 22.75 - 
Ba 13 | 22.85 22.36 |— 
S 12 | 20.60 23.38 
B | 3 18.33 23 .53 
Scha.....) 14 16.04 22.28 | 
Wi......] 34 28 72 23.24 | 


n = number of Equal Comfort Lines 
* = mean value of angle. 
y = mean Effective Temperature. 


n 


} == tan. slope of Line of Best Fit. 


_ 


— 


— 


per cent while the dry-bulb tem- 
perature varied from 20 C to 34 C. 
For Room B the relative humidity 
was maintained at approximately 90 
per cent with the dry-bulb tempera- 
ture varying from 17 C to 29 C. 
The readings were plotted on a 
graph from which it was evident 
that there existed an approximate 
linear relationship between tempera- 
ture and the difference between Ass- 
mann and electrical psychrometric 
readings, both for dry-bulb and for 
wet-bulb temperatures. In each case, 
the exact difference was calculated 
and also the mean difference, giv- 
ing the following relationships : 
Room A (dry atmosphere ) 
Electrical psychrometer | 
\ssmann D.B D.B. recorded 
(E.P.) —-0.15 
Assmann W.B. W.B. 
(E.P.) —0.45 
Room B (wet atmosphere) 


recorded 


Electrical psychrometer II 


Actual D.B. D.B. recorded 
(E.P.) 0.31 
Actual W.B W.B. recorded 
(E.P.) —0.12 

E.P. = Electrical psychrometer 


The dry-bulb and wet-bulb read 
ings of the points of 90 per cent and 
40 per cent relative humidity taken 
from the preliminary chart for each 
effective temperature line were cor 
rected to Assmann readings. 


Correc- 
tion of i Bc, 
. f wt 
Constant "=? rie 
0.622) 


Lines on 
the Mollier Diagram to 
Wet-Bulb Lines: In theory it is 
assumed that all the 


Assmann 


heat used in evapo- puwr—fpa 
rating the water Psa 


from the cloth sur- 

rounding the wet-bulb, is provided 
immediately 
In prac- 


by the air layer, 


enveloping the wet-bulb. 


Lines of Best Fit for Each Subject 


Bb r Line or Best Fit 

1.327 0.281 y 327 x — 1 SS 
7.11 - 0 04 y 234.11 — 17. 11x 
0.408 0.661 y 0. 408x + 13 95 
0.737 0.504 y 0.737 x + 8 93 
1.819 0.237 | y 1819x— 4.28 
5.045 | 0.092 yo 5 045x— 69 72 
2 .667 0.031 |y=> 12.67 x 191 95 
6.931 | — 0.062 | y = 142.0 - 6 93x 
1.202 | 0.370 > ¥ 1.2 x 2 56 
3.180 | — 0.136 y : 71 3.18 x 
1.445 | — 0.341 y= 46.26 1 445 x 
3.607 | 0.097 y 3.607 x 39 2 
1.550 | 0.322 y 155x— 0.22 

0 384 0.704 | y 0 384 x + 15.99 
3.934 | 0.117 y 84.80 3 934 x 
2.002 0.310 sy 59 31 2 002 x 
0.117 | — 0.057. y 253 53 — 10.117x 
3.703 0.075 sy 3.7x — 52.84 
4.803 | 0.1290 |y= 48 «x 64.45 
0.816 | 0.398 | y= 0 816x 4+ 9.19 
0.458 0.497 | y 0.458x + 10.09 


r = correlation coefficient between Effective Temperature and angle subtended 
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Table 5—Angles Used 
Corresponding to Effective Temperatures 
E. T. (vy) Dec C ANGLE (* 
17 14.94 
18 15.49 
19 16 O4 
20 16 59 
21 17 14 
22 17 .69 
23 18 25 
24 18 80 
25 19 35 
26 10 OO 
27 20 45 
28 21.00 
‘el | 21 7] 


tice, however, this theoretical ideal 
cannot be reached because of tl 
fect of heat-radiation from the sur 
rounding surfaces on the wet 
The effect of radiation on the wet 
bulb is diminished in the aspiration 
psychrometers by ventilating the 
thermometers. This effect can bx 
further diminished by shielding th« 
thermometer bulbs, especially by us 
ing highly polished metal surfaces 
which have a very low emission co 
efficient for radiant heat. I: has 
been found experimentally, that the 
Assmann psychrometer in which the 
thermometer bulbs are shielded most 
effect 


trom 
gives the closest approximation 


effectively radiation 
the theoretical wet-bulb. 

The relationship between the ac 
tual water-vapor pressure and _ thi 
theoretical wet-bulb values is con 
tained in the following equation (sec 
Wiesebron‘): 


bes fa 
1 0.19 (t 
B B 
or in terms of psychrometric depres 
sion: 
B.cp fw fa 
(1 } (1+ 0.19 ) (3a) 
0.622» B B 
fa 
0.19 being small, Equation 3a can lx 
RB 
written : 
Pwr fa R Cp Pwe 
(1 ) (3/ 
t tee 0.622 RB 
For pa O this equation reads 
pwr B.c, Pwr 
— ~ (1 ) ( 3. 
t tee 0.622, B 


without any approximations being 
made, 
fa —water-vapor pressure of the air in 
mm Hg. 
fw: —=maximum water-vapor pressure at 
the theoretical wet-bulb tempera 
ture. 
t=dry-bulb temperature 
twe = theoretical wet-bulb temperature 
B =barometric pressure (700 mm for 
Bandoeng ). 
C» = specific heat of dry air 0.24 
r=heat of evaporation of water in 
kcal/kg at a temperature /.«:. 


637 














4 














b.~700 mm ". 











ane 


Fig. 10—Mollier chart with effective temperature Lines of Best Fit for all subjects 


0.804 
0.622 = ——— = ratio between the 
1.293 
weight of H:O-vapor and of dry 
air under the same conditions. 
The value 
B.cp pwe 
- (1 — ) 
0.622r B 
is the psychrometric constant P,. 
However, fw: is variable and in 
Pwe 


consequence — 
B 


but this last value is only small in 
comparison with 1 so that the term 


Pwr 


B 
ing approximately constant. 
So Equation (3b) can be written 


as: 








is also variable, 





) may be regarded as be- 





(1— 


Pwt— pa ai (4) 
LTR 4 SC eeceevseseeesene 
or if Pa = 0, 
pw 
: - = P, eee seseesesee (4a) 





t— twe 
The values of the theoretical psy- 


chrometric constant (P,) are calcu- 
lated from the Equation (3b) and 
are given in Table 6 which also in- 
cludes the Assmann psychrometric 
constant (P,) and the electrical 
psychrometric constant (P,.) found 
experimentally. in a previous investi- 
gation. Thus, the relationship be- 
tween the psychrometric depression 
recorded by the Assmann psychro- 
meter and the difference between 
maximum wet-bulb vapor-pressure 


and actual vapor-pressure is ex- 
pressed by the equation: 
Pwa - pa 
—_—_—_——_—_ = Ccoetoesesceser (5) 
t — twa 
or if fa = O 
Pwa 
— P, coeesseseseee (5a) 
t— twa 
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wherein: 
pwa = maximum water vapor pressure at 
the Assmann wet-bulb temperature. 


twa = Assmann wet-bulb temperature. 
In order to be able to draw the 
Assmann wet-bulb lines on the Mol- 
lier diagram the stated relationship 
between water vapor pressure and 
wet-bulb temperature must be con- 
verted into one between + values 
and wet-bulb 
values. By do- 
ing so for the theoretical wet-bulb 
values by substituting + values for p 
values according to Equation (2) 
Equation (3b) can be written: 

xw (B— pw) — xa (B— fa) 


(t — tw) 0.622 
Bucy B— pe 








0.622r B 
For absolutely dry air pa = 0 and 
vq = 0. In that case #4 (B — pa) 
= 0, and the formula becomes 
Uw Cp 
O& Spieler (6a) 
t— tw r 
This formula 
can also be de- 
rived from the 
equation to the 
Mollier diagram. As is stated previ- 
ously this diagram is constructed ac- 
cording to the formula, 
i = 0.24¢ + 5954 4+ 0.46tr.... (1) 
For the theoretical wet-bulb line, 
the heat content of the point of in- 
tersection with the vertical axis (the 
index 1 refers to this point) is: 
iy = 0.2411; 
the heat content of the point of in- 
tersection with the saturation line is: 
tw = 0.24te + 59546 + 0.46tw4w. 
The constant i-line intersecting 
the saturation line at 0 C and the 
theoretical wet-bulb line of 0 deg 


th — tea = 


lw > ii <= 0.24 (tw a 


(fi ae tw ) P, = (ts — tea) P, and (ti ay twe) = 





are the same. 

For higher wet - bulb tempx 
tures, however, the slope (measu 
from the horizontal) of the y 
bulb line is less than that of 
constant i-line passing through 
point of intersection of the con 
ered wet-bulb line with the sat: 
tion line. 

This difference is proportiona 
the wet-bulb temperature. This 
be clear if one remembers that 
heat content of water of 0 C is « 
sidered in this diagram as bein 
keal/kg. For water at the t 
perature of the wet-bulb higher 
0 C, 1 kg of water has a heat con 
expressed in kcal/kg, equal to 
value of the wet-bulb tempera 
in C, 

If water which has in itself a ce: 
tain heat capacity is evaporated in 
air, the heat content of this wate: 
will be brought into the air-water- 
vapor mixture so formed, resulting 
in an increase in the heat content 0; 
the mixture. 

Thus the heat content of mixtures 
lying on a wet-bulb line will increas 
in proportion to the absolute humid 
ity. 

ti) + 5954~ +0.46twtw~ = tetw so that 
ti — tw 595 — 0.54tw 


tw 0.24 








This equation is a special case o! 
the general Equation (6). 
By combining Equations (4a) a: 
(6b) the result is: 
pwr 595 —O.54ter 


ti —tere = = 


Pt 0.24 


——_— tw 








Now considering a_ theoretical 
wet-bulb line and an Assmann wet 
bulb line through the same point of 
intersection with the saturation lin: 

















Pwa 
because twa = fwe and pwa = /« 
P, 
(ta — twa 
P, 
Consequently : 
595 —O.54twa P, 
—w = (tra — toe) — 8 
0.24 P, 
and 
(ta—twa) 595 —0.54twa Pr 
BE a “tas a 


From this formula the point of 1 
tersection of the Assmann wet-bu!! 
line with the vertical axis can be ca! 
culated. The Assmann wet-bu!! 
lines can be drawn through this 
point and the point of intersectiot 
of the isotherm with the saturation 
line. 
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Table 6—Psychrometric Correction Constants 


Assuming a straight 



































line function : 
Wet-BuLB v ~ ane & * . 
Dec Pr Pe Pe (um. He) y y = 2.134 — 15.3 w here 
oa y = effective temperature in 
10 0.452 | 0.46 | 0.53 9.21 | 589.6 leg C 
as a ee 
12 0.452 4 oe : _ 
3 0.452 0 46 083 1133 4 x = slope of the effective 
14 0 .aa8 : “ : 3 4 = oe? ‘ temperature line in deg 
15 0.452 4 : 1 r3 a 
18 0.452 | 0.46 | 0-53 13.63 | 586-4 Using this formula the 
17 0.451 46 | 0.53 14 ¥ - 7 ye 
: 0-451 | 046 | 0.53 15 48 | 385.4 final graph Fig. 12, ps 
19 0.451 | 0.46 16 48 584.9 constructec , 
5 0451 046 0:53 17 54 | 5438 constructe ire m_ the 
21 0.451 | 046 | 0.53 18.66 | 583.2 data shown in Table 9. 
22 0.450 | 046 | 0.53 19.83 582.7 
) 23 0.450 | 0.46 | 0.53 21.07 582 1 
0. 0. 22: 5816 : : 
= Sy 9 4 0 = | 23 76 5811 Comparison of Results 
26 0448 | 046 | 053 25 22 5805 ee Qe. ie : 
27 0.447 | 046 | 053 26.75 580.0 with d hose I ound by 
28 oe, oe | OS BBB foe ne eves American Investigators: 
<< Visas ‘ Effective temperatures 
The angle made by the Assmann , 
. . . . 1 
, wet-bulb line with the horizontal is |g, 
calculated from the relationship : 7 — 
ts — tw + sane 0.46tw tw . 
tan co = ————_ ... . . -. (9) «¢ 2 aR 
ate ‘ 
This equation gives x in kg H,O 
cases where only one of the points 
of intersection of the Assmann line ° . 
B 


is on the part of the diagram con- 
structed. ‘In those cases, however, 
in which neither of these points lies 
on the diagram other points of the 
line must be calculated. 

Then the + value of the point of 
intersection of the required Ass- 
mann wet-bulb line with an isotherm 
t is calculated as follows. Accord- 
ing to Fig. 11: 

BC DF 
AG AE 
0.24 (t. — tw) 





(0.24¢ + 0.46t+) — (0.24ty + 0.46te2x) 





ve tw 


Combining the Equations (8a) 
and (10): 


P, (0.24t + 0.46t,) = (0.24tw + 0.46t62) 


(595 — 0.54t~) —— = — 





P, fe 


from which: 




















Fig. 11—Chart showing required point of 
intersection of Assmann wet-bulb line 


for dry- and wet-bulb temperatures 
situated in both dry (relative humid- 
ity < 50 per cent) and wet (relative 
humidity > 70 per cent) zones 
throughout 
ee ae (10) the range 

from 17 C 
to 28 C, were calculated according to 
the effective temperature chart appli- 


-— Zz 


cable to inhabitants of the U.S.A."), 





P. normally clad 

tw (595 — 0.54t~) —— — 0.24 (t— te) and engaged in 

* " 4 light work. 
rz See eal (12) on , 

P. These effective 





(595 — 0.54tw) 

This equation gives * in kg H,O 
per keal dry air-water-vapor mix- 
ture. Fig. 10 is corrected by using 
Equations (8), (9) and (12). From 
the Mollier chart showing the effec- 
tive temperature lines for all sub- 
jects (Fig. 10) the data as shown 
in Table 7 were obtained. 

By using these data Assmann- 
Corrected effective temperature lines 
could be drawn on an Assmann-Cor- 
rected Mollier chart, showing true 
Assmann wet-bulb lines, and the 
slope of the effective temperature 
lines calculated in Table 8. 


+ 0.46 (t — te) 


temperatures 
w ere compared 
with those obtained for sub- 
jects clad in light tropical 
clothing in Netherlands In- - 


D.B.T. W.B.T. | D.B.T. | W.B.T. | E.T. 


terms of the Mollier diagram, the 
lines of effective temperature ob- 
tained by the American investiga- 
tors subtend a somewhat greater 
angle to the horizontal than those 
obtained by those in Netherlands 
India. The difference is greatest at 
higher temperatures. 

In the same Mollier diagram is 
also drawn the comfort zone for 
Netherlands India, established pre- 
viously (see references 6 and 7). 
This figure may illustrate the re 
marks concerning real comfort and 
effective temperature comfort previ 
ously given in this paper. 


Summary 


1. A representative group of the pop- 
ulation, forming 21 persons, served as 
subjects in an investigation into the ef- 
fective temperature scheme for Nether- 
lands India. The observations were car 
ried out in still air and the subjects were 
clad in ordinary tropical clothing. 

2. Use was made of the Mollier chart 
and the effective temperature lines or 
lines of equal comfort were superimposed 
on it. 

3. The Assmann 
taken as standard both for dry-bulb and 
wet-bulb temperatures and the more con- 
venient electrical psychrometric readings 
made during the investigation were con- 


psychrometer was 


verted thereto. 

4. Assmann psychrometric 
lines were drawn on the Mollier diagram 
and use was made of the Assmann read- 
ings to determine the final slope of the 
effective temperature lines. 

5. A Mollier chart is shown with ef- 
fective temperature lines and comfort 
zone for Netherlands India. 

6. A comparison is made between the 
effective temperature scheme for U.S.A. 
and that found in the present experiments 
for Netherlands India. 


wet-bulb 
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Table 8—Slope of Corrected Effective 


Temperature Lines 











. . . i 
dia, the comparison being ‘T. | W.B.T. [Y Suces 
given in Table 10. From this 20.10 | 11.88 | 18.02 17.10 | 17.72 | 15°.50 
33.32 | 24.06 | 29.51 | 28:13 | 28.80 | 20°.7 


table it is evident that, in 





Table 7—Data from Mollier Diagram in Fig. 10 





40 Per cent Revative Humipity 





ED READINGS 


D.B.T. | W.B.T. 


isc | 20.25 | 12.33 | 20.10 | 11.88 
29C | 3347 | 24.51 | 33.32 | 24.08 


E.T. D.B.T. | W.B.T. 





AssMan Correct- | ; 


90 Per cent Revative Humipiry 

| Assmann Correct” 
|__ 5 Reapincs 

| D.B.T. | W.B.T 
isc 18 33 17 .22 18 02 17 10 
20C 25 28 .13 
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keenness to ce Operate with the Uni- Dry (Revative Humipiry.— 50 Per Cent) Wer (Retative Humipiry> 70 Per Cent 
ersity of Ne ia «6The E.T. E.T. 
: rsity of so on aay" Phe ue Wer- : = Dav: Wer- , 
‘ pe is expresse re ‘ > sci- BuLB 3ULB Ners.| Dirr.(E.T.)) Bure ULB NETH. yrr. (E.7 
3 se = eer we = t nat the sc AMERICAN | INDIA (N.L-A.) AMERICAN INDIA (N.L-A 
entific collaboration might become ——)— ———_—_ ——— — - 
19.0 14.0 17.4 17.5 + 0.1 18.0 15.0 17.1 17.1 0.0 
20.0 | 14.0 18.1 18.2 + 0.1 18.0) 17.0 17.7 17-7 00 
20.0 15.0 18.3 18.4 + 0.1 |} 19.0; 18.0 8.7 18 7 0.0 
21.0 15.0 18.8 19.1 + 0.3 20.0 18.0 19.3 19.3 0.0 
ata Fi Y ws ‘s 5 22.0) 16.0 19 7 20.0 + 03 | 21.0 19.0 20.1 20 . 25 + 0.15 
Table 9—Data Final Graph (Fig. 12) 23.0 | 17.0 20 7 2095 +025 | 22.0| 200 21.1 21.2 + 0.1 
2440) 17.0 21.2 21.5 +03 23.0 20.0 | 21.7 21.8 + 0.1 
25.0} 18.0 21.9 22.4 + 0.5 24.0) 21.0 22:7 28; +01 
- ws : ee 26.0 | 17.0 22/1 227) +06 25.0 | 22.0 23.6 23.75) +0.15 
m. a oy aot 4 —y 27.0) 18.0 22.9 23 5 +06 26.0) 240 24.9 25.1 + 0.2 
aan ” nen a 28.0 | 18.0 23.4 24.1 +07 27.0 | 25.0 25.9 26.1 + 0.2 
— “ei aa. hes oo 29.0) 19.0 24.2 24.8 + 06 28.0 26.0 26.7 27.0 + 03 
17.0 15 .16 oy 4 ..2 30.0) 19.0 24.6 25.3 +07 2.0) #60 | 272 27 5 + 03 
+e. 13. +o + 31.0/ 20.0 25.4 26.2 +08 20!) 28.0 rs 3 28.5 +02 
18.0 15 63 24.5 18 .69 3901 200 on © 4 7 09 
18.5 15.87 25.0 18.92 3.0) = 28.8 =s ee 
19.0 16.10 25.5 19.16 oe) 2 =.5 ao) Th 
19.5 16 34 26.0 | 19.39 we ee ae we) Fes 
20.0 16.57 26.5 | 19 62 — - 
20.5 16.81 | 27.0 19 86 
21.0 17 04 27.5 20.09 
21. 17.28 | 28.0 20 .33 
22.0 1751 | 28.5 | 20.56 
22.5 17.75 29.0 | 20.80 
7 23.0 17 .90 29.0 20.80 
SOUTHERN CALIFORNIA Pres. A. J. Hess called the meet- film, followed by another sound film 
ing to order and the minutes of the entitled Blitzkrieg. This latter film 
WITNESSES BOMBING OF 7 Re . cio”) wiiaiains Seo: ciate’ WR anaiitel, 
previous meeting were read and ap- was shown by Frank Meredith, 
PEARL HARBOR proved. It was brought out at this former Signal Corps photographe: 
meeting that the average attendance of the 26th Yankee Division, who 
June 11. The Southern California for the past two years was 51, explained that this film will not be 
Chapter of the Society held its June which was an increase over the past shown to the general public. [' 
meeting at Eaton’s Chicken House, few years. Following a report by showed actual scenes of the bombing 
and 90 members and guests were the treasurer, President Hess in- of Pearl Harbor, fighting in th 
present. The meeting was preceded stalled the newly elected officers for Philippines and the siege of Singa 
by a social hour, which proved so the year 1942-43. pore. It was a real privilege for th 
successful that it was decided to The meeting was then turned members of the Southern Californ: 
precede each meeting with a get- over to H. H. Bullock, who showed Chapter to witness the showing « 
together. a comedy motion picture sound this film. 
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Fountain Square 


Mempbers OF the Society will as- 
semble in Cincinnati for the 49th 
Annual Meeting, January 25-27, 
1943, in Hotel Gibson, according to 
plans announced by Pres. Amos 
Hard and the Committee on Ar- 
rangements of the local chapter 
which will be hosts for the occasion. 
The theme of the meeting will har- 
monize with the war effort and nu- 
merous subjects on the technical 
program will provide basic data for 
those who must solve the new prob- 
lems in heating, ventilating, and air 
conditioning that have developed 
with the war program. 

Fuel conservation will have a 
prominent place in the discussions. 
This subject is of wider significance 
now that fuel oil rationing has been 
announced for the 30 eastern and 
middle-western states. 

Research work that has contrib- 
uted to the progress of war produc- 
tion will be included in the reports 
of investigations now under way. 
Living under wartime conditions 
which influence comfort, efficiency, 
and health is of vital importance to 
the engineering profession dealing 
with heating, ventilating, and air 
conditioning. What engineers in 
this field are doing to help win the 
war is a fascinating topic. 

Che preliminary outline of the 
meeting program provides for an 
opening luncheon with a speaker of 
national prominence, four technical 
sessions for reports, papers and dis- 
cussions, the annual banquet, and a 
program of special ladies’ events, 
according to Kenneth Wright, pub- 
licity chairman, 


ae A 


General Chairman 
Vice Chairman 
secretary 

Finance 

Publicity 

Ladies 

Banquet 
Entertainment 
Reception 


I ransportation 


The Committee on Arrange 
ments, under the direction of Albert 
Buenger, has held several meetings 
and sends a cordial invitation to all 
ASHVE members to come to Cin 
cinnati. Many of the committee 
chairmen served during the Society’s 
meeting 10 years ago and are pre 
paring for your pleasure, headed by 
Honorary Chairman William C. 
Greene. Howard Sproull will head 
the Reception Committee and the 
Entertainment and Ladies programs 
will be directed respectively by Mr. 
and Mrs. George B. Houliston. 

Cincinnati is called the Queen 
City and is the gateway to the 
South, an important railroad center 
and river port. Its Union Terminal 
cost $43,000,000 and is one of the 
most modern and most beautiful in 
the world. Citizens are justly proud 
of its reputation as a music and art 
center. The Tyler Davidson Foun- 


Ilonorary Chairman 








An Invitation from 
Cincinnati 


COMMITTEE ON ARRANGEMENTS 
49TH 
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tain, presented to the city in 18/1, 
is considered one of the finest groups 
of statuary in the world. 

The diversity of its industries is 
impressive and the war has empha 
sized the fact that Cincinnati ranks 
as the machine tool center of Ame 
ica, and is the world’s largest pro 
ducer of soap and playing cards. 
It is a leading meat packing center 
produces laundry machinery, print 
ing inks, books, boots and shoes, 
clothing, drugs, pianos, pottery and 
glass, auto parts, and airplanes 

The city proper has an area of 
nearly 75 square miles; its popula 
tion is about 500,000 and that of the 
surrounding metropolitan area is 
790,000. Cincinnati was named in 
1790 by Gen. Arthur St. Clair, gov 
ernor of the Northwest Territory, 
in honor of the Society of the Cin 
cinnati, an organization of Revolu 
tionary War officers 


. 


Union Station 
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NOMINATIONS FOR 1943 





Nominations for Officers 
and Council 


The Nominating Committee appointed to select candi- 
dates for Officers of the Society for the coming year, 
1943, submits the following list of nominees : 


For President: 
M. F. BLankrn, Philadelphia, Pa. 


For First Vice-President: 
S. H. Downs, Kalamazoo, Mich. 


For Second Vice-President: 
C.-E. A. W1nstow, New Haven, Conn. 


For Treasurer: 
E. K. CAMPBELL, Kansas City, Mo. 
For Members of the Council: 
Three-Year Term 
J. F. Cottins, Jr., Pittsburgh, Pa. 
James Hott, Cambridge, Mass. 
E. N. McDonne Lt, Chicago, III. 
T. H. Urpaut, Washington, D. C. 


Respectfully submitted, 
NOMINATING COMMITTEE, 
M. W. BisuHop, Chairman. 


In accordance with the provisions of the Society's 
Constitution, By-Laws and Rules, ballots containing the 
names of the above candidates will be sent to the mem- 
bership for voting upon prior to the Annual Meeting in 
January. 


Art. B-V1I1I—Section 11. The Nominating Committee shall 
consist of one (1) member eligible to vote designated by each 
Chapter, or his alternate also appointed by the Chapter. The 
Secretary of each Chapter shall certify to the Secretary of the 
Society on or before January first the names of the member 
and alternate selected. 


The Committee shall meet at the Annual Meeting of the So- 
ciety at the call of the Secretary of the Society and shall effect 
its own organization and elect its own Chairman. At the Semi- 
Annual Meeting of the Society, if possible, the Nominating 
Committee shall select the nominees for the ensuing year for 
the offices of President, First Vice-President, Second Vice- 
President, Treasurer, and four (4) members of the Council. 
In any event the names of the nominees shall be certified to the 
Secretary of the Society before September twentieth, with the 
written consent of each nominee to fill the office for which he 
has been selected and their names with the offices to which they 
have been nominated shall be published in the October issue of 
the JOURNAL, 


Art, B-IX--Section 2. The Secretary shall prepare ballots 
with the names of all candidates and forward them to the mem- 
bers, eligible to vote, at least thirty (30) days before the date 


of the Annual Meeting. 
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Nominations for Members of Committee 


- 


on Research 


Although committees of the Society are usually 
pointed, in view of the great importance of the Comm‘ 
on Research and the financial responsibility it woul | 
called upon to assume, it has been made more repres« 
tive of the entire membership of the Society by a proces, 
of election. The election is governed by the By-Laws for 
the election of officers, with the single exception 1! 
Members of the Committee on Research are nominated 
by the Council instead of by a Nominating Committ: 

In accordance with the Regulations for the Gover 
ment of the Research Laboratory, the Council announces 
the nomination of the following members of the ( 
mittee for election to succeed those members whose pres 
ent terms expire January, 1943. 


Three-Y ear Term 
H. J. Rose, Pittsburgh, Pa. 
L. P. Saunpers, Lockport, N. Y. 
L. E. Seetey, New Haven, Conn. 
A. E. Stacey, Jr., Washington, D. C. 
C. Tasker, Toronto, Ont., Canada 


The regulations governing the nomination and electio: 
of members of the Committee on Research are 
follows: 


Articte I]l—OrGANIZATION 


Section 1. Committee on Research—There shall be a stand 
ing committee known as the Committee on Research, consisting 
ot fifteen (15) members each serving for three (3) years and 
five (5) retiring each year. The outgoing Chairman if serving 
in that capacity during the last year of his three (3) year ter: 
on the Committee shall without election become an additional 
member of the Committee on Research for one (1) year. 


(a) The Council shall nominate previous to July first of eac! 
year five (5) members to fill the vacancies of those retiring 4 
the next Annual Meeting. 


‘b) The nominations made by the Council shall be publishe 
in the October issue of the Society’s JoURNAL. 


(c) Any ten (10) members of the Society eligible to vot 
may present to the Secretary over their signatures, the nam 
of one (1) or more additional nominees for the Committee « 
Research, provided such name or names are presented at least 
sixty (60) days prior to the next Annual Meeting, and suc’ 
additional nominations shall be placed on the ballot opposite th 


nominations made by the Council. 


(d) The election shall otherwise conform to the regulations 
provided for the election of officers of the Society in the Cor 
stitution, By-Laws and Rules. 


(e) Vacancies may be filled by the Council, such person’ 
chosen by the Council to serve until a successor is elected #t th 
next Annual Meeting. 
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pk. ALICE BRYANT, LIFE 
VEMBER, DIES 


Dr. Alice G. Bryant, one of the 
Gest woman ear, nose and throat 
specialists in the country and a Life 
Member of the Society, died July 
25, 1942, at Palmer Memorial Hos- 
pital, after an illness of six weeks. 
She was 80 years of age. 

Born in Boston on April 27, 1862, 
Dr. Bryant received her early edu- 
cation from her parents and from 
private tutors, as well as at the 
Henry W illiams’ Private School. 
She attended Vassar College, receiv- 
ing her A.B. from there in 1885, fol- 
lowed by one year of technology in- 
struction at M.I.T. She then spent 
three years at the Woman’s Medical 
College of Pennsylvania, another 
year at M.I.T., and a year at the 
Woman’s Medical College, New 
York Infirmary, where in 1890 Dr. 
Bryant received her M.D. For her 
internship she returned to Boston to 
the New England Hospital for 
Women and Children. 

From that point on it is difficult to 
give a chronological account, as Dr. 
Bryant worked so tirelessly—study- 
ing, teaching, conducting clinics, 
writing, inventing, and acting as 
consultant, the specialities which co- 
ordinated all this activity being otol- 
ogy and laryngology. She was one 
of the first to hold evening clinics 
in her specialty. 

She was associated with the Vin- 
cent Memorial Hospital and the 
New England Hospital for Women 
and Children, also of Boston, and 
was a member of the courtesy staff, 
and later of the associate staff of 
the New England Deaconess Hos- 
pital. She also spent some time as 
guest worker at Bellevue, Gouvern- 
eur and Willard Hospitals in New 
York City, and at the German and 
Blockley Hospitals in Philadelphia. 

She joined the Society in 1921, 
and was elected to Life Membership 
by the Council at the 42nd Annual 
Meeting of the Society in Chicago 
in 1936. She was also a member of 
the JES, a fellow of the American 
College of Surgeons, a fellow of the 
Royal Institute of Public Health and 
Hygiene, a fellow of the Royal As- 
‘ronomical Society, and an associate 
of Engineering Economics, as well 
is being associated with 50 other 
scientific and humanitarian societies. 

She was on the Massachusetts 
voverning committee of the Gorgas 


Memorial Institute of Tropical and 
Preventive Medicine, and in 1931 
was substitute for the commissioner 
of education in Massachusetts for 
the Dalgren Prize contest sponsored 
by that institute. 

Dr. Bryant is survived by a sister, 
Miss Grace Bryant of Woburn, 
Mass., to whom the Officers and 
Council of the Society extend their 
deepest sympathy. Dr. Bryant's 
death is a great loss to the heating 
and ventilating profession, and her 
loss will be keenly felt by her host of 
friends and associates in the field. 


PTL LOSES 
M. L. CARR 


A well-known man in the research 
field, with a wide circle of friends 
in the Society, passed away July 13, 
when Maurice L. Carr, Director of 
Research at Pittsburgh Testing 
Laboratories, died at the age of 65. 

Mr. Carr was born at Avon, IIl., 
April 17, 1877, and was graduated 





M. L. Carr 


from the local high school, receiving 
his degree of B.S. in 1905 from 
the University of Illinois and his 
E.E. in 1911. 

His first job was as a telephone 
line and instrument man, after 
which he became a meter tester for 
the Peoria Gas and Electric Co. 
Then for two years he was a High 
School Instructor, and after finish- 
ing college, he was Research Assis- 
tant at the University of Illinois En- 
gineering Experiment Station in 
the Physics Department. From 
1907 to 1920 he was with the Un- 
derwriters’ Laboratories, Chicago, 
in charge of testing building mate- 
rials, during which period he de- 
vised many test procedures. From 
1920 to 1926 he directed the re- 
search work of the Safe-Cabinet Co., 
Marietta, Ohio, and then became a 
consultant for Remington-Rand Co. 
on fire protection problems. 
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In 1930 he joined the staff of the 
Pittsburgh Testing Laboratories and 
specialized on heat and sound in 
sulating properties of building ma 
terials. 

Mr. Carr joined the Society in 
1931, and he also belonged to the 
AIEE, ASME, ASTM, American 
Physical Society and Western So 
ciety of Engineers. We also was a 
member of the National Fire Pro- 
tection Association and the Ameri- 
can Association for Advancement of 
Science and the Acoustical Society 
of America. He belonged to the 
Veterans of the Spanish-American 
War, having served in the 6th IIli- 
nois Infantry. He served as Chair- 
man of several ASHVE Research 
Technical Advisory Committees, and 
at the time of his death was Chair- 
man of the Committee on Air Con- 
ditioning Requirements of Glass. In 
1937 he served as President of the 
Pittsburgh Chapter of the Society. 

In paying tribute to Mr. Carr, the 
president of the Pittsburgh Testing 
Laboratories, A. R. Ellis, said: 

“Entirely aside from his value to our 
organization, he earned the respect and 
admiration of everyone through his will- 
ingness to tackle difficult jobs and to 
bring them to a successful conclusion, 
and for his unfailing cheerfulness and 
always present sense of humor when 
the going at times must have been heavy 
for him. 

“We shall miss him a lot, but our loss 
will be tempered by the knowledge that 
he was happy in what he was doing. We 
have lost a friend and an associate whose 
replacement will be difficult, and one who 
devoted most of his time and thought to 
our welfare.” 

Mr. Carr is survived by two sis- 
ters, the Misses Fannie and Doro 
thy Carr, who live in Avon, IIL, to 
whom the Officers and Council ex- 
tend their sincere and heartfelt sym- 
pathy. 


DEATH OF ALFRED E. 
SEELIG 

Alfred E. Seelig, president and 
general manager of L. J. Wing Mig. 
Co., New York, died suddenly, Sep- 
tember 13, at his home, 640 River- 
side Drive, at the age of 54. 

Mr. Seelig had been associated 
with L. J. Wing Mig. Co. for 26 
years, in the production of fans and 
blowers for ventilating and forced 
draft work. 

He was born on October 6, 1887 
in New York City where he received 
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his early education. He received 
his degree in electrical engineering 
from Columbia University in 1907, 
after which he joined the staff 
of J. G. White Engineering Corp., 
and later was with Crocker Wheeler 
Co. In 1910 he became New Eng- 
land representative for L. J. Wing 
Mfg. Co., and in 1911 was appointed 
general sales manager. From 1912 
to 1914 he was general manager of 
the Atlantic Communication Co., 
New York, and then became sales 
manager for the Kerr Turbine Co. 
Since 1917 he had been president of 
the L. J. Wing Company, and was 
one of the pioneers in the develop- 
ment of suspended unit heaters. 

Mr. Seelig became a member of 
the Society in 1926 and took an ac- 
tive part in the work of its technical 
committees. He held membership 
in the ASME, AIEE and belonged 
to Tau Beta Pi fraternity. 


Mr. Seelig is survived by his 
widow, Mrs. Lucille B. Seelig, and 
a son, Owen M. Seelig, to whom 
the Officers and Council of the So- 
ciety express their sincere sorrow 
for the great loss they have sus- 
tained. 


WALLACE M. HYMAN 
DIES SUDDENLY 


The heating profession lost one of 
its leaders in the sudden death on 
August 30, of Wallace M. Hyman, 
president of Reis and O'Donovan, 
Inc., New York, N. Y. He died 
unexpectedly at his home. 

Mr. Hyman was born in New 
York, January 19, 1881, and at- 
tended the public schools, includ- 
ing the College of the City of New 
York. He received his degree of 
K.E. from Columbia University. 
After completing his engineering 


training, he spent two years with 


General Electric Co. in the tes: 


department, and then becanx 
draftsman for the New York 1 
phone Co. During the next 
years he was on the staff of 
Moses, Consulting Engineer. 
In 1909 he started with Reis 
O'Donovan, Inc., in charge of 
heating and ventilating departn 
He joined the Society in 1920 


| ’ 


was also active in the member: 


of Heating, Piping and Air Co 
tioning Contractors, New Y ork | 
Association. 
the City Athletic Club and the 
wood Golf Club. He was also p: 
dent of Kenmore Hall, a club h 

Mr. Hyman leaves a widow, 
Miriam Haines Hyman, an 
brother, Alfred H. Hyman of R: 
ester, N. Y., to whom the Offi 


and Council express their dee; 


sympathy. 


He was a membe: 


\ 








Candidates. for Membenship 


The Constitution of the Society, as now amended, requires the following mode of procedure in voting on applicants for mem 
bership in the Society. All applications for membership are to be sent to the Secretary and the names of applicants and their refer- 
a shall be printed in the next issue of the JourNAL of the Society or sent to the members in other approved manner as ordered 
by the Council. When replies are received from references, the Candidate’s application shall be submitted to and acted upon by the 

ommittee on Admission and Advancement as soon as possible. 

When the Committee on Admission and Advancement has acted favorably upon a Candidate’s application and assigned his 
| grade, the Council shall vote upon the election of the proposed Candidate for membership by letter ballot. During the past month 
7 applications for membership have been received and the names of these men and their sponsors are published in the following list 

Members are requested to scrutinize the list with care. The Committee on Admission and Advancement, and in turn, the 
Council, urge the members to assume their share of responsibility of receiving these candidates into membership by advising the 
Secretary promptly of any whose eligibility for membership is in any way questioned. 

All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it is the 
duty of every member to promote. 

Unless objection is made by some member by October 15, 1942, these candidates will be balloted upon by the Council. T! 


elected to membership will be notified by the Secretary immediately after election. 


CANDIDATES 











REFERENCES 
Seconders 
C. J. Lyons 


Proposers 
Bemis, Paut D., Owner, Paul D. Bemis, (Consulting Engr.), T. S. Hart 
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Hartford, Conn. W. K. Simpson L. A. Teasdale 
Benson, Foster W., Application Engr., Niagara Blower Co., E. M. Mittendorff A. J. Keating 
Chicago, Ill. A. L, Crump R. M. Spencer 
Cornettus, Georce E., Engr., Anthracite Industries Laboratory, A. J. Johnson H. H. Mather 
Primos, Del. Co., Pa. P. A. Mulcey C. B. Eastman 
DeverREUX, JAMES K., Sales Mgr., Monroe Armature Works, W. H. Dudley, Jr. G. C. Kerr 
Monroe, La. F. D. Graham G. E. May 
McMUuLLEN, Ernest W., Partner, Ganteaume & McMullen, Bos- J. W. Brinton W. T. Jones 


ton, Mass. C. R. Swaney N. J. H. Shaw 


RAINEY, WALTON, Combustion Engr., Anthracite Industries Lab- A. J. Johnson 3 H. Mather 
oratory, Primos, Del. Co., Pa. P. A. Mulcey B. Eastman 

Sawyer, Howarp C., Sales Exec. & Partner, Sawyer-Hare W. A. Hare W. F. Tydings 
Furnace Co., Detroit, Mich. F. R. Bishop E. B. Root 














In the past issues of the JouRNAL of the Society the names of the following men were listed as Candidates for Membership. 
membership grade of each Candidate has been assigned by the Committee on Admission and Advancement and balloted upon by the 
Council. We are now instructed by the Council to post herewith, as required by Art. B-III, Sec. 8, of the By-Laws, the foll 
ing list of candidates elected: 

MEMBERS 
BAECHLIN, ALFRED C., Jr., Engr., Western Electric Co., Bayonne, Futmor, Ira P., Owner, Air Conditioning Co. of Southern 
N. J. fornia, Los Angeles, Calif. 
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‘DanteL, James A., Proprietor, Maple City Furnace Co., Mon 
mouth, Ill. 

it, M. Eart, Pres., Parkside Sheet Metal Works, Inc., Chi 
cago, Ill. 

SroresspurY, Bernarp, Plumbing & Heating Contractor, W. (¢ 
Edge Ltd., Ottawa, Ont., Canada 

ASSOCIATES 

Hooper, FrepertcK W., Vice-Pres., Ross Engineering of Canada 

Ltd., Montreal, Que., Canada 


es tenn pes - nay 


Meyers, Cart F., Sales & Engrg., Coblentz Equipment C 
Pa. 
WaANGSGAARD, Der, Proprietor, Wangsgaard Coal & Stoker Co 
Logan, Utah 
JUNIORS 


Bryan, WILLIAM L., Jr., Research Engr., York Ice Machinery 
Corp., York, Pa 


KoLasa, Marton J., Engr., Gar Wood Industries, Detroit, Mic! 





Officers, Council and. 














AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 
51 Madison Ave., New York, N. Y. 


OFFICERS 
SE ee ere sre er ae E. O. Eastwoop 
se, Fi), ne iineheanhe ead ubaed M. F, BLanxin 
Lo on cous nebebdedeupeueseadeuce S. H. Downs 
ee. eevee pect e aes due evesguebenuad E. K. Campsetr 
eden cc euntedbobss toe bsacecetuss 00su seq A. V. Hurcuinson 
PE Ds wc cccsscsescsecccccseswensuccceceons Joun James 

CouncIL 


E. O. Eastwoop, Chairman M. F. Branxin, Vice-Chairman 


Three Years: L. G. Mituer, A. J. Orrner, A. E. Sracey, Je., B. M. 
Woops. 
Two Years: A. P. Kratz, W. A. Russert, L. P. Saunpers, C. Tasker. 


One Year: J. F. Coruins, Je., W. L. Freisner, E. N. McDonwett, 
T. H. Urpant, C.-E. A. Winstow, F. C. McInrosn, Ex-Officio. 


Councirt COMMITTEES 


Executive—W. L. Fleisher, Chairman, A. J. Offmer, A. E. Stacey Jr. 
Finance—E,. N. McDonnell, Chairman, J. F. Collins, Jr., C.-E. A. Winslow. 
Membership—W. A. Russell, Chairman, M. F. Blankin, B. M. Woods. 
Standards—S. H. Downs, Chairman, L. G. Miller, C. Tasker. 
Meetings—A. P. Kratz, Chairman, L. P. Saunders, T. H. Urdahl. 


Apvisory CouNCIL 


W. L. Fleisher, Chairman; Homer Addams, D. S. Boyden, W. H. Carrier, 
S. E. Dibble, W. H. Driscoll, F. E. Giesecke, H. P. Gant, E. Holt 
Gurney, L. A. Harding, H. M. Hart, C. V. Haynes, E. Vernon Hill, 
John Howatt, W. T. Jones, D. D. Kimball, G. L. Larson, S. R. Lewis, 
Thornton Lewis, J. F. McIntire, F. B. Rowley and A. C. Willard. 


SpeciAL COMMITTEES 


Admission and Advancement—Earle W. Gray, Chairman (one year); E. P. 
Heckel (two years), T. T. Tucker (three years). 


ASHVE-ASTM-ASRE.- wee, Committee ry Pha we! Conductivity: F. C. 
ee ar Chairmen; B. » Peden E Dickinson, R. H. Heilman, 
Queer, F. sche aylor rol G. B. Wilkes. 


—_— IES ‘ean Committee on Lighting and Air Conditioning—H. M 
Sha R. Beach, B. C. Candee, W. G. Darley, C. L. 
Kribe’ i. ie 8 Nin tent Jr. 


Chapter elton J. F. Collins, Jr., Chairman; Lincoln Bouillon, M. M. 
vard. 


—e ond By-Laws—Albert Buenger, Chairman, L. T. Avery, R. H. 


its gs on Code for Testing Surface Coils for Heating and Cooling— 
5 $- men, hairman; Tom Brown, E. L. Hogan, H. F. Hutzel, 
= r Wace 4 . F. Nass, S. F. Nicoll, M. Noble, L. P. Saunders, and 


Pre og on iain: peaatations for Heating, Ventilating and Air Con- 
ditioning Systems—N. A. Meitioter Chairman ; F. i. Desued, F, 
_MeLout, P. Nachman, and C. H. Rr aeink. 


ommittee on ASHVE Code for Testing Air Clean Devices—John 
Toman Gere Gite fo ch, J. L. Blackshaw, &. S. Dill, $. P. 
r Ss. R. Lewis, Arthur Nutting, G. W. Penney, "F. B. Rowley, 
J aggoner, and “Dr. Leonard Greenburg, Ex-Officio. 


Guide Pubteeton—A, J. Offner, Chairman, P. D. Close, S. Konzo, C 
S. Leopold, G. L. Tuve. 


F. Paul Anderson Award—M. F. Blankin, Chairman, W. H. Carrier, J. D 
Kroeker, J. F. McIntire, F. B. Rowley. 


Joint Committee on Standards for Residence Ts? L. E. Seeley, Chair 
man; R. S. Dill, S. H. Downy, H. L. Dryden, J Eadie, H. C. Meyer, 
pS R. K. Thulman, T. H. Urdahl, and H. FS Mae 


Joint Committee to Study Uniform Methods of Heat Loss Calculation 
P. D. Close, Chairman; A. P. Kratz, J. P. Magos, G. P. Nachman, 
A. F. Nass. 


Joint Committee on Weather Statistics—J. Collins, Jr.. NDHA, Chair- 
man; F. H. Dewey, OBI, C. M A. 'ASHVE, S.° Konzo, 
NWAHACA, Raymond Little, AGA, Dr. E. Dillen Smith, U. S. Weather 


Bureau. 


Publication—James Holt, Chairman (one year); C. H. B. Hotchkiss (two 
years), J. H. Walker (three years). 


War Service Committee—B. M. Woods, Chairman, W. A. Danielson, 
W. L. Fleisher, E. Holt Gurney, Thornton Lewis, A. C. Willard. 


NOMINATING COMMITTEE 1942 


Chapter pagregatetion Alternate 
Atlanta T. T. Tucker A. H. Koch 
Cincinnati fr - past oer Buenges 
‘onnecti ecley Stanley Hart 
5 — L. V. Cressy J. S. Adair 
Golden Gate C. E. Bentley 
Illinois M. W, Bishop E. M, Mittendorff 
lowa Perry LaRue F. E, Triggs 
Kansas City M, ir. Rivard W. A. Russell 
Manitoba R. L. Kent I. McDonald 
Massachusetts 1. W._ Brinton Earl G. Carrier 
Michigan 1; S. Kilner M. Shea 
Minnesota E. Backstrom N. D. Adams 
Montreal A. M. Peart E, W. Twizell 
Nebraska Henry Kleinkauf W. R. White 
New York 


“_ 
<= 


geen Wheeler, Jr H. H. Bond 


North Carolina . Wallace II F. J. Reed 


North Texas R. K. Werner i A. Bishop 
Northern Ohio C. A. McKeeman >» M. H. KRaercher 
Oklahoma A H, Carnahan E. F. Dawson 
Ontario . O. Price H. R. Roth 
egon FE. E. Carroll B. W. Farnes 
Pacific Northwest H. T. Griffiths M. J. Hauan 
Philadelphia H, H. Mather 
poupeoe Cc. M. Humphreys H. Lee Moore 
Louis C. F. Boester J. H. Carter 
Stuth Texas A. M. Chase, Jr. R. M. Spencer 
Southern California A. } Hess H. H. Bullock 
Washington, D. C. F, A. Leser T. H. Urdahl 
Western Michigan L. G. Miller T. D. Stafford 
Western New York W. R. Heath 
Wisconsin W. A, Ouwenceel D. W. Nelson 


COMMITTEE ON RESEARCH 


F. C. McInwrosu, Chairman 

C.-E. A. Winstow, Vice-Chairman F. C. Hoveuten, Director 
J. H. Watxer, Technical Adviser A. C. Fretpner, Ex-Officio Member 

Three Years: C. F. Boester, J. A. Gorr, W. E. Herper, C. A. McKee. 
man, C.-E, A. Winstow. 

Two Years: C. M. Asuury, M. K. Fanwnesrocx, H. Kino McCain, F. C. 
McIntosn, T. H. Urpant. 

One Year: Puirir Dainxer, Axer Marin, A. E. Sracey, Je, J. H 
Van Arspurc, kh H. Wace. 


Executive Committee: F. C. McIntosh, Chairman; C. M. Ashley, M. K. 
Fahnestock. T. H. Urdahl, C.-E. A. Winslow 


Finance Committee: C. F. Borster, Chairman. 
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TECHNICAL Abvisory COMMITTEES 


l. Sensations of Counters: Thomas Chester, Chatman; N. D. Adams, 
Cc. R. Bell ee D. Fife, W. F. Friend, P. Heckel, Dr. W. J. 
McConnell | ol “McIntosh®, A. B. Newton, .7 F, Raber, C. Tasker. 


Physiological Reactions: C.-E. A. Winslow*, Chairman; Dr. Thomas 
Bedford, Thomas Chester, Dr. E. F. DuBois, * M. B. Ferderber, 
E. P. Heckel, John Howatt, Dr. R. W. Keeton, C. S. Leopold, Andre 
Missenard, Dr. R. R. Sayers, Charles Sheard, C. Tasker. 


to 


8. Removal Atmospheric Impurities: Dr. Leonard Greenburg, Chairman; 
a Oe Dare, J. M. DallaValle, R. S. Dill, Theodore Hatch, L. R. 
Koller, C. A, McKeeman*, ‘, H. Munkelt, H. C. Murphy, G. W. 
Penney, Dr. E. B. Phelps B. [i ey, W. O. Vedder, J. H. 
Waggoner, R. P. Warren, W. Fe Wells. 


4. Radiation of Comfort: J. C. ss Cherwen A. H. Barker, L. M. 

K. Boelter, L. Broderick, R. eg E, R, Gurney, 

L. N. Lal A. P. Kratz c Ss. pes L. L. Munier, D. W. 

eigen W. Jz Olvany, G. W. Penney, ole Rhoton, C. J. Stermer, 
E. A. Winslow*. 


Instruments: D. W. Nelson, Chairman; L. M. K. Boelter, R. S. Dill, 
A. P. Caege: x. - Goff*, A. E, Hershey, F. W. Reichelderfer, G. L. 
Tuve, C ‘ag! ou. 


6. Weather Design Conditions: T. H. Urdahl*, sey ag J. C. Albright, 
H. S. Birkett, P. D. Close, John Everetts, Jr., M. Humphreys, 
O. A. Kinzer, H. H. Koster, J. W. O Neill, F. Ow Reichelderfer. 
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Radiation with Gravity Air Circulation: M. K. Fahnestock*, Chair- 
man; R. E. Daly, R. S. Dill, A. G. Dixon, H. F. Hutzel, &: P. 
Magos, J. W. McElgin, J. F. ‘Mcintire, oe ® Novotney, W. A. Rowe. 


8. Heat Transfer of Finned Tubes with Forced Air Circulation: W. E. 
Heibel*, Chairman; C. M. Ashley*, William Gyodgee Mm Hutzel, 
Ferdinand Jehle, S. F. Nicoll, K. "H. Norris, L. . Saunders, R. ae 
Tenkonohy, G. L. Tuve, D. C. Wiley. 


9. Cooling Load in Summer Air Conditioning: C. M. Ashley*, Chair- 
man; J. H. Carter, on Everetts, Jr., E. H. Hyde, . & Leopold, 
c. 0. Mackey, R.’ M. Stikeleather, Y H, Walker*, W. E. Zieber. 


Air Distribution and Air Friction: J. H. Van Alsburg*, Chairman; 
S. H. Downs, A. E. Hershey, W. W. Kennedy, A. P. Kratz, R. 
Madison, L. G. Miller, D. W. Nelson, C. H. Randolph, M. C. Stuart, 
Ernest Szekely, R. J. Tenkonohy, G. "L. Tuve. 


11. Heat Requirements of Entieee: P. D. Close, Chairman; E. K. 
Campbell, J. F. Collins, Jr., E. F. Dawson, W. H. Driscoll, H. M. 
Hart, E. C, Lloyd, H. H. Mather, H. . King McCain*, M. W. McRae, 
C. H. Pesterfield, F. B. Rowley, R. K. Thulman. 


12. rsiad Condeess Requirements e” Glass: R. A. Miller, Chairman; 

TA Avery, F. L. ee D. A. Bridges, W. A. 

oe 4 c “Dickinson, J. D. Edwards, J. E. Frazier, E. H. 

Hobbie, C. L. Kribs, Jr., Axel Marin*, F. . Parkinson, W. C. 

uenaen L. T. Sherwood, J. T. Staples, G. B. Watkins, F. C. 
einert. 


13. Sound Control: J}. S. Parkinson, Chairman; C. M. Ashley*, W. W. 
Kennedy, A. L. Kimball, V. O. Knudsen, R. D. Madison, C. H. 
Randolph, A. E. Stacey, Jr.*, A. G. Sutcliffe, Thomas A. Walters, 
R. M. Watt, Jr. 

14, Groling Towers, Evaporative Condensers and Spray Ponds: B. M. 


Cheirman ; C. F. Boester*, W. W. Cocking, S. C. Coey, E. H. 
Kendall, 8 S. R. Lewis, H. B. Nottage, J. F. Park, E. T. Selig, Jr., 


10. 


E. W . Simons, E. H. Taze. 
15. Psychrometry: J. A. Goff*, Chairman; F. R. Bichowsky, W. H. Car- 
rier, H. C. Dickinson, R. S. Dill, A. W. Gauger, eg x ‘Goodman, 


A. M. Greene, Jr., L. P. Harrison, F. G. Keyes, A. P. Kratz, D. M. 
Little, Axel Marin*, D. W. Nelson, W. M. Sawdon. 


16. Flow of Fluids Through Pipes and £ Pewee: Ss. BR. Lewis Chairman; 
J. A. Cherry, G. C. Davis, T. M.  . x Earle W Gray, R 
Kern, ~ A. Lockhart, Axel Marin", Taylor, E. L. We f. 

17. Fuels: ia Sherman, Chairman; R. M. Conner, R. 4 Dill B. 
Enedahl, 2 . Fieldner, L. N. Hunter, Ss. Ronse Rivler Jr» 

J. Cc. mt anne, T. H. Smoot, K. Thelmer’ * 
Urdabt*. CC 

18. eons th L. x ‘ik Cheherees H. E. Adams, N. D. Ageme, 
J. F. Barkley, W. H. Driscoll, J. Finnegan, W. Z. Friend, E. A 
Guernsey, W. E. Heibel*, A. qe Mumford, R. R. Seeber, E. T 
Selig, Jr., F. N. Speller, Cc. M. Sterne. 

19. 4“ Conditioning in Industry: W. L. Fleisher, Chairman; L. T. Avery, 

A. R. Behnke, Dr. Leonard Greenburg, H. P. Greenwald, Ww. 


Heibel L. L. Lewis, Dr. W. J. McConnell, Dr. C. P. McCord: 
McKittrick, Dr. R. R. Sayers, C. Tasker, R. M. Watt, Jr., H. 


* Diet 

20. ak Air Condittoning for Residences: et K. Fahnestock*, Chair- 
man; Emerson Brandt, E. D. Milener, F. G. Sedgwick. 

21. Sorbents: F. R. Richonely, Chairman ; ae Everetts, Jr., Ralph 
Fehr, John A. Goff*, W. R. Hainsworth, C. H. B. Hotchkiss, J. C. 
Patterson, G. L. Simpson. 

22. Insulation: E. C. Lloyd, Chairman; H. King McCain*, J. D. Ed- 
wards, Paul McDermott, W. T. Miller, E. R. Queer, F. B. Rowley, 
G. L. Tuve, J. H. Waggoner. 


OrFicers oF LocAL CHAPTERS 


ATLANTA: Organized, 1937. Headquarters, Atlanta, Ga. Meets, 
First Monday. President, L. F. Kent, P. O. Box 167%. Secretary, F. L. 
Laseter, 248 Peachtree St. CINCINNATI: Organized, 1932. Head- 
quarters, Cincinnati, O. Meets, Second Tuesday. Honorary President, 
Carr. C. E. Hust. President, A. L. Harp, 910 Kreis Lane. Secretary, 
G. V. Sutrrn, 1005-6 American Bldg. CONNECTICUT: Organized, 1940. 
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Headquarters, New Haven, Conn. President, W. K. Simpson, 9 Sands St 
Waterbury. Secretary, L. A. Teaspace, 20 Ashmun St., New Have: 
DELTA: Organised, 1989. Headquarters, New Orleans, La. Meet 
Second Tuesday. President, G. C. Kerr, 1401 Tchoupitoulas St. Sec 
tary, L. V. Cressy, 916 Union St. GOLDEN GATE: Organized, 193 
Headquarters, San Francisco, Calif. Meets, First Wednesday. Presiden 
J. F. Koorstrra, 625 Market St. Secretary, C. L. Peterson, 2 Indian Ra 
Path, Berkeley. JLLINOIS: Organised, 1906. Headquarters, Chicag 
lll. Meets, Second Monday. President, &. M. Mirrenporrr, Merchandi 
Mart Bldg. Secretary, A. O. May, Room 925, 53 W. Jackson Bly 
Chicago. 
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IOWA: Organized, 1940. Headquarters, Des Moines, Ia. Meet 
Second Tuesday. President, F. E. Triccs, 3901-2nd St. Secretar 
W. W. Sruart, 417-9th St. KANSAS CITY: Organized, 191 
Headquarters, Kansas City, Mo. Meets, Second Monday. Presiden 
M. M. Rivarp, 4550 Main St. Secretary, D. M. Aten, 3924 Ca 
bridge. MANITOBA: Organised, 1935. Headquarters, Winnix 
Man. Meets, Third Thursday. President, Ivan McDonatp, 44 Princess § 
Secretary, Einar Anperson, 152 Bannerman Ave. MASSACHUSETTS 
Organised, 1912. Headquarters, Boston, Mass. Meets, Third Tuesd: 
President, E. G. Carrier, 704 Statler Bldg. Secretary, R. T. Ken 
51 Claflin St., Leominster. MICHIGAN: Organized, 1916. Heo 
quarters, Detroit, Mich. Meets, First Monday after 10th of Mont 
President, M. B. Suea, 8019 Jos Campau. Secretary, W. H. O1 
1761 Forest Ave., W. MINNESOTA: Organized, 1918. Headquarters 
Minneapolis, Minn. Meets, First Monday. President, Witt1am McNamas 
850 Cromwell Ave., St. Paul. Secretary, A. W. Scuvuttz, 240 Seven 
Ave., S., Minneapolis 
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MONTREAL: Organized, 1936. Headquarters, Montreal, Que. Meets 
Third Monday. President, F. A. Hamuet, 1010 St. Catherine St. W. Se 
retary, A. M. Peart, 687 Craig St.. W. NEBRASKA: Organized, 1940 
Headquarters, Omaha. Meets, Second Tuesday. President, H. W. Stanton, 
2100 Ryons St., Lincoln. Secretary, G. E. Merwin, 5012 Parker St 
Omaha. NEW YORK: Organized, 1911. Headquarters, New York, N. Y 
Meets, Third Monday. President, H. H. Bonn, 10 E. 40th St. Secr 
tary, C. R. Hiers, 19 Westminster Rd., Great Neck, L. I. NORTH CAR‘ 
LINA: Organised, 1939. Headquarters, Durham, N. C. Meets, Quarterly 
President, E. R. Harpvinc, Box 356, Greensboro. Secretary, F. J. Reep, 
263 College Station, Durham. NORTH TEXAS: Organized, 1938. 
Headquarters, Dallas, Tex. Meets, Second Monday. President, T. H 
ANSPACHER, Tower Petroleum Bldg. Secretary, L. C. McCrananan, 603 
Great National Life Bldg. NORTHERN OHIO: Organised, 1916 
Headquarters, Cleveland, O. Meets, Second Monday. President, C. M. H 
Kaercuer, 3030 Euclid Ave. Secretary, G. B. Priester, Case School of 
Applied Science. 


OKLAHOMA: Organized, 1935. Headquarters, Oklahoma City, Okla 
Meets, Second Monday. President, E. F. Dawson, University of Okla 
homa, Norman. Secretary, E. T. P. Erutncson, 314 Savings Bldg., Oklahoma 
City. ONTARIO: Organized 1922. Headquarters, Toronto, Ont. Meets 
First Monday. President, D. O. Price, 131 St. Germain Ave. Secretar 
H. R. Rotn, 57 Bloor St., W. OREGON: Organised, 1939. Headquarter 
Portland, Ore. Meets, Thursday after First Tuesday. President, B. W 
Farnes, 3019 N. E. 26th Ave. Secretary, G. H. Risiey, 801 S. W. Stark 
St. PACIFIC NORTHWEST: Organised, 1928. Headquarters, Seattle 
Wash. Meets, Second Tuesday. President, H. T. Grirrirn, 1411 Fourt! 
Avenue Bldg. Secretary, R. E. LeRicne, 6345 89th, S. W., Seattle 
PHILADELPHIA: Organized, 1916. Headquarters, Philadelphia, Pa 
Meets, Second Thursday, President, H. H. Martner. 611 S. Front St 
Secretary, M. G. Kersuaw, du Pont Bldg., Wilmington, Del. PITTS 
BURGH: Organized, 1919. Headquerters, Pittsburgh, Pa. Meets, Second 
Monday. President, C. M. Humpnreys, Carnegie Institute of Technology 
Secretary, E, H, Riesmever, Jr., 231-33 Water St. 


ST. LOUIS: Organized, 1918. Headquarters, St. Louis, Mo. Meets 
First Tuesday. President, M. F. Cartocx, 7008 Amherst, University City, 
Mo. Secretary, W. J. Oonx, 4548 Red Bud Ave. SOUTH TEXAS 
Organized, 1938. Headquarters, Houston, Texas. Meets, Third Frida 
President, D. S. Coorer, 216 E. Cowan Dr. Secretary, A. M. Cuase, Jx., 
Box 859. SOUTHERN CALIFORNIA: Organised, 1930. Meadquarters 
Los Angeles, Calif. Meets, First Wednesday. President, H. H. Buttocs, 
212 N. Vignes St. Secretary, Leo Huncerrorp, 4851 S. Alameda St 
WASHINGTON, D. C.: Organised, 1935. Headquarters, Washingtor 
D. C. Meets, Second Wednesday. President, R. S. Dirt, 1608 S. Spring 
wood Dr., Silver Spring, Md. Secretary, J. W. Marxerr, 8506 Garfiel: 
St., Bethesda, Md. WESTERN MICHIGAN: Organised, 1931. Head 
quarters, Grand Rapids, Mich. Meets, Second Monday. President, F. C. 
Warren, 200 N. Division Ave. Secretary, H. D. Bratt, 2259 Stafford 
Ave., S. WESTERN NEW YORK: Organised, 1919. Headquarters 
Buffalo, N. Y. Meets, Second Monday. President, H. C. Scuarer, 197 
Union St., Hamburg, N. Y. Secretary, Herman Seersacu, Jr., 45 Allen 
St. WISCONSIN: Organized, 1922. Headquarters, Milwaukee, Wis 
Meets, Third Monday. President, H. W. Scureiser, 507 E. Michigan St 
Secretary, C. S. Becxer, 231 W. Wisconsin Ave. 
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